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THE 
ADVANCEMENT OF SCIENCE 


NOTES 


In lieu of the customary meeting of Organising Sectional Committees usually 
held early in January, when the main lines of the programme for the ensuing 
Annual Meeting of the Association are laid down, a joint meeting of the 
General Committee and the Council was held this year, on January 5, at 
Burlington House in the rooms of the Society of Antiquaries, whose hospitality 
was gratefully acknowledged. 

The first item on the agenda was one which normally takes the first place 
at the joint session of organising committees referred to above. This was the 
overt act of passing on the Chair of the Association by the retiring President 
to his successor, for the Presidency is an annual office coincident with the 
calendar year, a provision to which reference is made in a note on the following 
page. Sir Albert Seward, F.R.S., resigned the Chair to Sir Richard Gregory, 
Bt., F.R.S., and in doing so expressed the hope that his successor might 
‘continue in office until there has been what one may call a proper meeting 
of the Association "—a hope which the General Committee clearly endorsed. 

For, in the circumstances of the moment, it appears improbable that 
a meeting on the usual lines will be held this year, and the Committee pro- 
ceeded to debate possible future arrangements having this situation in view. 
They were informed that the authorities in Newcastle-on-Tyne, where the 
next Annual Meeting had been appointed to be held, did not now contemplate 
putting arrangements in hand—it could not have been expected that they 
should—although the Lord Mayor of the city had sent a friendly message to 
the effect that in the event of an early peace every effort would be made to 
assure a successful meeting there after all. Apart from this possibility, how- 
éver, the Committee revealed a general sense that the Association should hold 
a meeting somewhere, abbreviated in time and of course on lines of less 
elaborate organisation than usual; and after full discussion the General 
Officers were instructed and empowered, in consultation with appropriate 
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sectional officers and others, to discover a suitable place for a conference of two 
or three days, and to prepare a programme for it. This (subject always to 
unforeseen circumstances) will be done, and announcement will follow in 
due course. And it is not impossible that the Division for the Social and 
International Relations of Science may exercise its power to arrange dis- 
cussions or lecturcs apart from, as well as during, the intended meeting of 
the Association. 

In the last war the Association intermitted two annual meetings, in 1917 
and 1918—and by an unhappy coincidence the meeting in 1916 fell to be held 
at Newcastle-upon-Tyne, and was held there, though with difficulty, and with 
less than usual satisfaction to those who participated in it. It is well that 
Newcastle should wait, if wait it must, for happier times : meanwhile, present 
circumstances must not be allowed to modify the activities of the Association 
to a more than unavoidable extent. It was pertinent, therefore, that the 
General Treasurer, in presenting to the General Committee a review of the 
financial position of the Association, should make an appeal, which the Com- 
mittee strongly endorsed, that annual members should not intermit their 
subscriptions. Upon the support which it continues to receive by way of 
membership depends the extent to which the Association will be able to 
discharge its function of advancing the cause of Science during, and beyond, 
this time of trouble. 

* 


It has been suggested that the Association, in various connections, makes 
diverse and rather arbitrary uses of the year, or years. It may seem to do so, 
but there are reasons, which may be worth summarising. The Association’s 
natural year would appear to run from one annual meeting to the next, and 
so it does for the purposes of the Council, which is appointed by the General 
Committee at each annual meeting to carry on the business of the Association 
for the ensuing year, at the end of which (the next annual meeting) it makes 
its report. It is obvious also that the annual report of the Association, now 
distributed between the four quarterly issues of THE ADVANCEMENT OF SCIENCE, 
should begin with the issue (in October) next following the annual meeting the 
transactions of which it is its main function to record. The presidency of the 
Association, however, as indicated in the preceding note, runs with the calendar 
year. This arrangement, which dates only from 1932, has fully justified itself. 
It enables a new President (in normal times) to assume, as his first duty, the 
Chair of the joint meeting of Organising Committees which draw up the 
programme of the Annual Meeting over which he himself is to preside : under 
the former practice he assumed office only on the platform from which he was 
to deliver his address, having thus had little official association with arrange- 
ments for his own meeting. Lastly, the Association’s financial year runs from 
April 1 to March 31. This again is a plan of no long standing: it was 
adopted mainly because the subscriptions for any one meeting are received 
mostly between April and the time of the meeting itself, and therefore annual 
accounts covering the period stated indicate the financial position relating to 
any given meeting more effectively than was the case when the accounting 
year ended on June 30. 
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The following address was to have been given at a meeting of the Division for the 
Social and International Relations of Science in the Caird Hall, Dundee, on Sunday 
evening, Seplember 3, by the Chairman of the Division. 


CONTACTS OF RELIGION AND SCIENCE 


ADDRESS BY 
Sir RICHARD GREGORY, Barrt., F.R.S. 


RELIGION and science are the two chief factors which have influenced human 
development throughout all stages of civilisation : religion as the reaction to 
an inner impulse as to what is conceived to be sacred and arouses awe or 
reverence, and science as the accumulation of knowledge of the properties of 
natural objects—animate and inanimate—in relation to man’s needs and his 
understanding of them through the use of his intelligence. One represents 
the emotional side of man’s nature, as expressed in art and literature: the 
other—also the product of an inner urge—is the construction of a mental 
picture which gives acceptable form to what is known, at any stage of inquiry, 
about the nature and origin of things, visible and invisible. It is in the study 
of the heavens from these two points of view of devotion or worship and inquiry 
that religion and astronomy meet in celestial fields. 

All religions, primitive and advanced, include three essential elements. First, 
there is a conception of the nature of the deity or deities in relation to man and 
the universe, and this, together with an account of the origin and history of 
the people professing the belief, when reduced to writing, constitutes the sacred 
literature of the belief; or the Word of God, as represented in the Mosaic 
books of the Holy Bible. 

The second’ element of religion is ritual, which prescribes the mode of 
approach to the deity in a form of worship. 

The third is a code of ethics, which prescribes rules of conduct and in its 
highest development aims to bring the individual into harmony with what 
is conceived to be the will of God or the divine principle of the universe. 

There is really no conflict between religion and science ; one is the expres- 
sion of an instinct for communion with a Supreme Being ; the other is a spirit 
of inquiring into all things visible and invisible in the universe. Science does 
not set out to establish or depose any particular articles of belief or substance 
of faith, but to examine critically whatever comes before it in the natural world 
and to testify faithfully to what is seen. 

The dogmatism of a few generations ago, both of naturalists and theologians, 
is giving way to a more liberal spirit ; and all who are searching earnestly for 
truth are considered to be worshippers at the same shrine. The study of 
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science creates a feeling of infinite greatness in all who pursue it ; and though 
it may lead to imperfect interpretations, its motive cannot be irreligious. 

Fifty years ago, the literal interpretation of the Holy Scriptures in the light 
of modern scientific discovery was the subject of much contentious discussion. 
Fuller knowledge has shown that the issues then raised were chiefly due to 
misunderstandings of the meaning of both religion and science. The sacred 
writings of the early Hebrews contain few allusions to what may be termed the 
scientific understanding of the universe, or of precise observations such as have 
been preserved in the records of other ancient peoples. 

The message they convey was spiritual and not rational. All things were 
interpreted as testimonies to the wisdom and power of the Almighty and His 
goodness to man—as subjects of wonder and spiritual exaltation rather than as 
matters of intellectual inquiry. As a record of spiritual development, the Holy 
Scriptures are far in advance of the sacred writings of any other early peoples, 
and represent an important stage in the evolution of this side of human 
nature. 

It is in the light of service to high ideals that science, without which we 
cannot live, and religion, without which most people see no meaning in life, 
can find a common field of action. The spirit should be that of the great 
French philosopher, Descartes, when he said that he studied science ‘ in order 
to learn how to distinguish truth from falsehood, so as to be clear about my 
actions and to walk sure-footedly in this life.’ 

Whether science is studied with the view of increasing natural knowledge, 
or with the purpose of adding to human comforts, it creates a consciousness 
which transfigures life. Neither it nor philosophy can, however, satisfy the 
religious instincts of the plain man, who requires a personal and social being to 
worship and constructs one out of his inner consciousness. 


Sun AND Sky Gobs. 


Even in most primitive times, knowledge of the properties of the things 
around him was necessary for man’s existence, and mysterious characteristics 
of natural objects and phenomena were worshipped in fear or adoration. At 
the beginning of the history of civilisation, the sun and moon were given divine 
attributes, as well as used to mark the times of operations of life in days, months, 
and years. The earliest cultural contacts of science are preserved in historic 
records of such observances. Studies of such records in cuneiform texts show 
that a considerable knowledge of the stars existed in Mesopotamia so far back 
as the time of the Sumerians. 

Researches on Mesopotamian cuneiform texts in recent years have shown 
that there was very considerable astronomical knowledge in the Euphrates- 
Tigris region so far back as 3000 B.c. or earlier. There is also evidence that 
even before dynastic times in Egypt the appearance of the star Sirius near the 
sun at sunrise was used to mark the beginning ofa year. In the First Dynasty 
(King Menes, 3300 B.c.) there was a college of priests, physicians, astronomers 
and astrologers at Heliopolis ; and the three Pyramids at Gizeh, built in the 
Fourth Dynasty, about 3000 B.c., were constructed with geometric accuracy 
based upon astronomical observations. In a tomb of the time of King Seti I 
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(1320-1301 8.c.) appears a list of planets at their upper culmination, or highest 
points on the meridian ; and at the time of the Roman conquest in the first 
century before the Christian era, the Egyptians passed on the astronomical 
knowledge of the East to the Roman world. 

From the Pyramids and remains of great temples in Egypt, from the 
funerary furniture of tombs, as well as from numerous writings preserved in 
papyri, and inscriptions on temple walls, much knowledge has been obtained 
of the highly developed civilisation of ancient Egyptian times. The Egyptians 
possessed a vast literature of both secular and religious types, and their arts 
and architecture reveal remarkable experience of the properties and working 
of many materials. The construction of the great temples of Egypt, as described 
in preserved records and shown in existing remains, is of particular interest for 
astronomy, as well as for the study of mythology and religious belief. 

One of these temples is that of Amon-Ra at Karnak, near Luxor, which, 
even in its ruins, is a most impressive structure. There seems originally to 
have been two temples on the site, the chief of which faced the sunset at the 
summer solstice, while the other opened in the direction of sunrise at the winter 
solstice. There are other solar temples in Egypt, but none of such grandeur 
as that at Karnak. From the entrance pylons of the temple to the inner 
sanctuary through various halls of different sizes and details, the axis of the 
temple is about five hundred yards in length and is unbroken by a single 
structure. 

The sun as the source of all heat, light and life on the earth was the central 
object of religious belief in ancient Egypt and was personified and worshipped 
under the name of Ra, or Amon-Ra. During the reign of Amenhotep IV, 
otherwise known as Ikhnaton (1380-1362 B.c.), in the Eighteenth Dynasty, 
the sun god was worshipped as the one and only God—a belief which was, 
therefore, monotheistic. Amenhotep IV abandoned his name when he 
rejected the cult of Amon, or Amon-Ra, and adopted the new name of Akh- 
en-Aten, signifying ‘ The Blessed of the Disk.’ He then separated himself from 
the priests of Amon at Thebes and established his new capital on the east bank 
of the Nile. He was a heretic and a monotheist, and his reign and his heresy 
lasted less than twenty years, yet the really religious literature of Egypt reached 
its culminating point in this period. To him the sun was the visible symbol of 
the god Aten and not the great sun god Ra himself, who was believed to have 
created the hundreds of other gods worshipped by the Egyptians. 

Philosophic insight as well as poetic beauty are manifest in Akhenaten’s 
noble ‘ Hymn to the Sun-Disk,’ which contains the following passage among 
others of high religious expression : 


Thou makest the seasons to preserve all that thou has created—the 
winter to cool and the flood. Thou has created the heavens afar, to go up 
into them, that thou mayest see all that thou hast made. Thou art One, 
but thou ridest in thy form as the living Sun, appearing, shining, giving, 
and returning. . . . Thou art in my heart, and none knoweth thee as 
doth thy son Akhenaten whom thou has designed to let comprehend thy 
thoughts and thy strength. 


_ Whatever views may be held as to the origin of the religious impulse, there 
is no doubt that many objects and events in earth and sky have been regarded 
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as sacred and been worshipped as deities belonging to an external world, or 
because their properties or actions suggested the existence of forces other than 
those due to human agencies. Chief among these celestial objects is the sun, 
either as a physical body daily bringing life and warmth to mankind or as the 
personification of a deity. In a number of hymns in the Rig-veda, one of the 
four sacred texts of the Hindu scriptures, striking natural phenomena are 
apostrophised as characters of conscious beings, the personifications sometimes 
merging into one another and together being described as deva, or ‘ the shining 
ones.’ Light in a physical sense, and associated with moral and intellectual 
values, inspired the lyrical poetry of Ayran settlers in India, and in one of the 
hymns in the Rig-veda the sun is addressed as follows :— 


His bright rays bear him up aloft, the god who knoweth all that lives, 
Surya, that all may look at him. 

The constellations pass away, like thieves, together with their beams, 
Before the all-beholding Sun. 

His herald rays are seen afar refulgent o’er the world of men, 

Like flames of fire that burn and blaze. 

Swift and all beautiful art thou, O Surya, maker of the light, 

Ijluming all the radiant realm. 

Thou goest to the host of gods, thou comest hither to mankind, 

Hither all light to behold. 

With that same eye wherewith thou look’st, brilliant Varuna, 

Upon the busy race of men. 

Traversing sky and wide mid-air, thou metest with thy beams our days, 
Sun, seeing all things that have birth.} 


NATURAL PHILOSOPHY AND RELIGION. 


From a very remote period, the Babylonians, like the ancient Egyptians, 
observed the position of the stars and other celestial objects, and thus laid the 
foundations of astronomy. These early observations were essentially of a 
religious and magical character, and their motive was to obtain a knowledge 
of future events, whether celestial or terrestrial. Astronomy was in the 
astrological stage of its development in the eight and seventh centuries before 
the Christian era, and a number of records by the royal astronomer show lists 
of stars, observations and calendars of that period of the Assyrian empire. 
Fragments of other tablets belonging to later eras show that the Babylonians 
studied astronomy on a scientific basis. ‘They had no correct conception of the 
solar system, but had arrived at the conclusion that the motions of the heavenly 
bodies were governed by laws and were amenable to calculation ; they deter- 
mined the time of the new moon’s appearance and the periodic occurrence of 
lunar and solar eclipses, noted the course of the planets, and included in their 
observations a number of the principal constellations and fixed stars. 

As the periodic appearance and position of the planets could be predicted, 
and particular groups of stars appeared at different seasons, it seemed reasonable 
to the Babylonians to conclude that events on the earth could be similarly 


1 Hindu Scriptures, edited by Dr. Nicol Macnicol (London: J. M. Dent & Sons, Ltd. ; 
New York: E. P. Dutton & Co., Inc.). 
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calculated and predicted. The gods or natural forces which determined the 
movements of celestial bodies were regarded as also ruling human nature. 
Human character and life history were believed to be determined from birth 
to death by the planets and stars, and the earth itself was considered to be the 
centre of the universe. Astrology and astronomy were thus combined in a 
single study. 


WorsuHip AND INQuIRY. 


A certain amount of astronomical knowledge, as well as conceptions of the 
nature and origin of the universe, seems to have been derived by the ancient 
Hebrews from the Babylonians, and was probably introduced into Palestine by 
Abraham. The spirit of the sacred books of the Hebrews is, however, that of 
spiritual expression and not of scientific study. Thus, though the moon is 
often mentioned, and the Hebrew calendar was based upon the lunar month, 
there is no reference in the Bible to the monthly changes or phases of our 
satellite. Whatever astronomical or other natural objects or phenomena are 
described, are used for poetic imagery or spiritual purposes, and not for scientific 
analysis. While early Greek philosophers separated the study of Nature from 
that of personal deities, and sought for law and order in it, the Hebrews also 
made a clear, but different, distinction between the worship of God, and the 
contemplation of his works. They saw all things as testimonies to the wisdom 
and power of the Almighty and his goodness to man ; as subjects of wonder 
and spiritual exaltation rather than as matters of intellectual inquiry. The 
spirit is represented in the words : 


When I consider thy heavens, the work of thy fingers, 
The moon and the stars, which thou hast ordained ; 
What is man, that thou art mindful of him ? 

And the son of man, that thou visitest him ? 2 


While, therefore, there are many passages in Holy Scripture which show 
sympathetic observation of the phenomena of Nature, there is little in them 
that can be said to have much scientific significance. Notwithstanding this, 


it cannot be assumed that the Hebrews were less observant of natural things 


and effects than the peoples of neighbouring regions, though their reactions to 
them were purely spiritual. In the Book of Wisdom (7. 16-20) a high 
standard of natural knowledge is set before the mind of man, as is shown by the 
following extracts. The Book is, however, a late production, and the impact 
of Greek thought is evident in it. 


An unerying knowledge of the things that are, 

To know the constitution of the world and the operations of the 
elements ; 

The beginning and end and middle of times, 

The alterations of the solstices, and the changes of seasons, 

The circuit of years and the positions of stars, 

The nature of living creatures and the raging of wild beasts, 

The violences of winds and the thoughts of men, 

The diversities of plants and the virtues of roots. 


2 Psalms viii. 3, 4. 
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The Greeks appear to have obtained from the Babylonians the greater part 
of their knowledge of astronomy. In the sixth century before the Christian 
era, the Greek philosophers Xenophanes, Thales, and Pythagoras first opened 
up those veins of speculative philosophy which occupied afterward so large a 
portion of Greek intellectual energy. Grote, in his History of Greece, points out 
that they were the first to disenthral the philosophic intellect from all-personify- 
ing religious faith and to constitute a method of interpreting Nature distinct 
from the spontaneous inspiration of untaught minds. It is in them that we 
first find the idea of Person tacitly set aside or limited, and an impersonal 
Nature conceived as a subject of study. They defined the scope of natural 
philosophy, with its objective character and invariable laws, discoverable by a 
proper and methodical application of the human intellect. The Greek word 
phusis, denoting ‘nature,’ and its derivatives ‘ physics’ and ‘ physiology,’ 
unknown in that large sense to Homer or Hesiod, as well as the word kosmos to 
denote the mundane system, first appears in their time. 

The experimental method of scientific inquiry was left out of account by 
the Greeks ; and the only one of the philosophers mentioned whose experi- 
ments were coricerned with measurements was Pythagoras. He was the first 
to show that there was a numerical relationship between the pitch of a musical 
note given out by a vibrating string and the length of the string, thus establishing 
the basis of the musical scale. Pythagoras was chiefly interested in these 
relationships as properties of numbers ; and he applied the principle to the 
heavens, in which the planets made harmony as they moved in their spheres. 
We cannot hear the melody, said Pythagoras, because our ears are accustomed 
to it from our birth, so that we have nothing with which to compare it. This 
celestial concert was taught by Plato, who says in his Republic : 


Upon each of the spheres is a siren, who is borne round the sphere, 
uttering a single note ; and the eight notes compose a single harmony. 


Shakespeare introduced this conception of a musical cosmogony in the Merchant 
of Venice (act V, scene 1), but makes all the celestial bodies—stars as well as 
planets—sing together, without any suggestion of the harmonious relation of 
the planetary circles of movement. His words are : 


There’s not the smallest orb which thou behold’st 
But in his motion like an angel sings, 

Still quiring to the young-eyed cherubins ; 

Such harmony is in immortal souls ; 

But whilst this muddy vesture of decay 

Doth grossly close it in, we cannot hear it. 


In extending the origin of celestial music to the stars, without regard to the 
harmonious relationship believed to exist between the distances of the planets 
from the earth, Shakespeare followed Job, who wrote : 


When the morning stars sang together 
And all the sons of God shouted for joy. 


The book of Job belongs to about the fourth century B.c.; and in some 
respects its form resembles the philosophical dialogue of the fects. It reveals 
Job as a close observer of Nature and a a with acute insight and 
vivid power of expression. 
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ARATUS AND ST. PAUuL. 


The association of astronomical objects and events with religious and other 
festivals, and with theological teaching, is a characteristic of most early civilisa- 
tions, and occupies attention in much of their literature. Among the 
astronomical knowledge taken over by the Greeks from Mesopotamia were 
the asterisms, the knowledge of the planets and their courses, and a method 
of predicting eclipses by means of the saros, a period of eighteen years and 
eleven days. Some of this knowledge had descended to the Chaldeans, from 
whom uitimately it came to the Roman world. 

From the sixth century B.c. onwards there are frequent references by poets 
and other writers to legends connected with the stars. The earliest Greek work 
on astronomy is that of Eudoxus of Cnidus (403-350 B.c.), transmitted in verse 
by Aratus (c. 270 B.c.), who enumerates forty-four constellations. A commen- 
tary upon their works was written by Hipparchus, who was as great an 
astronomer as Aratus was a poet. Ptolemy (a.p. 100-178), who was the de- 
finitive authority on astronomy of the ancient world, enumerates forty-eight 
constellations. These constellations, with few changes, are still used by 
astronomers to mark the grouping of stars in the sky. 

The most renowned Greek poem on astronomy is the Phenomena of Aratus, 
who also described weather portents and signs in another poem, Diosemeia, 
largely based upon works of Theophrastus. His astronomical poem was for 
several centuries very popular among the Athenians, who regarded it as com- 
parable to Homer’s Jliad. It was translated into Latin by Cicero and other 
authors and quoted largely by several Latin poets, especially Virgil. He was 
esteemed by both Christian and pagan philosophers. The apostle Paul lived 
in the midst of later Greek civilisation and was therefore familiar with Hellen- 
istic literature and philosophy. During his second missionary tour, he came 
to Athens, where ‘ certain philosophers of the Epicureans, and of the Stoics, 
encountered him,’ and Paul spoke to them of his new doctrine from the midst 
of Mars’ hill, in the words recorded in the Acts of the Apostles (xvii. 22-28). 


Ye men of Athens, I perceive that in all things ye are too superstitious. 
For as I passed by, and beheld your devotions, I found an altar with this 
inscription, LTo the Unknown God. Whom therefore ye ignorantly 
worship, him declare I unto you. 

God that made the world and all things therein, seeing that he is Lord 
of heaven and earth, dwelleth not in temples made with hands ; neither 
is worshipped with men’s hands, as though he needed any thing, seeing 
he giveth to all life, and breath, and all things ; and hath made of one 
blood all nations of men for to dwell on all the face of the earth, and hath 
determined the times before appointed, and the bounds of their habita- 
tion ; that they should seek the Lord, if haply they might feel after him, 
and find him, though he be not far from every one of us ; for in him we 
live, and move and have our being ; as certain also of your own poets 
have said, For we are also his offspring. 


There is no doubt that the poet to whom St. Paul particularly referred was 
Aratus, who was, like St. Paul himself, a native of Cilicia, though he lived three 
centuries earlier. As the poem of Aratus was a classic among the Greeks, the 
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audience could not fail to be impressed by St. Paul’s quotation from it, though 
they were not convinced by the application of the words to the new doctrine. 
The actual words of Aratus embodied in St. Paul’s address were as follows ; 
and if the word ‘ God ’ is used instead of ‘ Jove,’ the spirit of the two exhorta- 
tions is clearly the same : 


Let us begin from Jove. Let every mortal raise 
His grateful voice to tune Jove’s endless praise. 
Jove fills the heaven—the earth—the sea—the air : 
We feel his spirit moving here, and everywhere. 
And we his offspring are. He ever good 

Daily provides for man his daily food. 

Ordains the seasons by his signs on high, 
Studding with gems of light the azure canopy. 
What time with plough and spade to break the soil, 
That plenteous stores may bless the reaper’s toil. 
What time to plant and prune the vine he shows, 
And hangs the purple cluster on its boughs. 

To Him—the First—the Last—all homage yield, 
Our Father—Wonderful—our Help—our Shield.* 


Aratus described twenty constellations north of the celestial equator, the 
twelve constellations along the zodiac, and twelve south of the celestial equator, 
making forty-four in all. The poem is purely a didactic picture of the division 
of the heavens into regions represented in stories of Greek mythology, yet for 
half a dozen centuries its influence upon writers who followed Aratus was 
immense. We have in Aratus’s exhortation the expression of a deeply religious 
spirit in the dedication of a poem which was otherwise of a purely scientific 
character, describing the division of the heavens into regions represented by 
stories and legends of Greek mythology. 

There has always been faith in the existence of such a Power behind the 
universe as that to whom Aratus dedicated his poem, or as the God whom 
St. Paul declared to the Athenians. If religion is understood in the broadest 
sense as belief in a Spiritual Being, it may be said that prolonged inquiry has 
failed to show any authenticated instance of a people, however backward, who 
do not hold to some form of belief, which, though vague and rudimentary, 
can be deemed religious. 


Tue Greek Lecacy or LIBERTY oF THOUGHT. 


When early Greek philosophers began to speculate upon the nature of the 
universe and the meaning of life, they founded the principle of intellectual 
freedom essential for the advance of science, literature, or any other aspect 
of civilised culture. They established the most precious heritage of the human 
race ; and to their spirit of liberty of thought in inquiring into all things— 
sacred, social or political—untrammelled by authority, European science and 
philosophy owes its chief debt. Many of the speculations seem crude in the 
light of modern knowledge, but they were all attempts to apply reason to the 


3 The Phenomena and Diosemeia of Aratus, translated into English verse, with notes, by John 
Lamb (London: John W. Parker, 1848). 
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solution of problems presented to our senses, and some have proved to be of 
fundamental significance. 

In the opening verses of his poem, De Rerum Natura, Lucretius pleads with 
Venus to persuade her lover Mars to make ‘ the savage works of war to sleep 
and be still over every sea and land,’ so that the mind can turn to philosophy 
and Nature in peaceful contemplation, and without control of traditional 
beliefs. Lucretius says that he essays ‘to fashion teaching the Nature of 
Things’ ; and early in his poem he remarks : 


For I shall begin to discourse to you upon the most high system of 
heaven and of the gods, and I shall disclose the first beginnings of things— 
how from these nature makes all things and increases and nourishes them, 
and into these the same nature again reduces them when dissolved :— 
which in discussing philosophy we are wont to call matter, and bodies 
that generate things, and to entitle the same first bodies, because from them 
as first elements all things are.* 


The advanced views of the Greek philosophers in the latter half of the fifth 
century before the Christian era did not meet with general acceptance in the 
time of Lucretius any more than they did in that enlightened period. Because 
Anaxagoras taught that the sun was a mass of flaming matter, he had to leave 
Athens to save himself from death ; and Protagoras (481-411 B.c.), the first 
of the Sophists, died when fleeing from Athens after he had been convicted of 
blasphemy. ‘There was, however, no organised repression of liberty of thought ; 
and personal or political reasons were the causes of condemnation for impiety 
or disturbing teaching to the people. It was because Socrates would not cease 
to ‘corrupt the young’ and invite public discussion of his philosophy of life 
that he was condemned to die. Rather than be untrue to his convictions, he 
accepted death ; and he justified his position in words vibrant with exalted 
principles : 


If you propose to acquit me on condition that I abandon my search 
for truth, I will say: I thank you, O Athenians, but I will obey God, 
who, as I believe, set me this task, rather than you, and so long as I have 
breath and strength I will never cease my occupation with philosophy. 
I will continue the practice of accosting whomsoever I meet and saying to 
him, ‘ Are you not ashamed of setting your heart on wealth and honours 
while you have no care for wisdom and truth and making your soul better?’ 
I know not what death is—it may be a good thing and I am not afraid of 
it. But I do know that it is a bad thing to desert one’s post and I prefer 
what may be good to what I know to be bad.® 


An example of Greek regard for freedom of speech and liberty of religious 
thought is afforded by St. Paul’s mission to Ephesus, as related in the Acts 
of the Apostles. Cybele, the Great Mother of the Gods, whose worship began 
in Asia Minor and afterwards became the most popular cult in ancient Greece 
and Rome, had as her sacred symbol a small object which had fallen from the 
skies, evidently a meteorite. She was the Diana of the Ephesians whose images 


* Lucretius De Rerum Natura, with an English translation by Dr. W. H. D. Rouse (London : 
W. Heinemann, Ltd. ; Cambridge, Mass. : Harvard University Press). 
5 A History of Freedom of Thought, by Dr. J. B. Bury (London, 1913). 
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and silver shrines were the ‘ gods made with hands’ of the craftsmen who 
objected to the Apostle Paul preaching a gospel which would deprive them of 
their chief source of wealth. ‘ Ye men of Ephesus,’ spoke the town clerk in 
appeasing the people who had cried out for two hours ‘ Great is Diana of the 
Ephesians,’ ‘what man is there that knoweth not how that the city of the 
Ephesians is a worshipper of the great goddess Diana, and of the image which 
fell down from Jupiter.’ 

When St. Paul preached at Ephesus, the uproar of makers of silver shrines 
of Diana against him was raised by Demetrius, a silversmith, who called 
together the workmen of like occupation to create disorder at his meeting, as 
men have done in much later times when their source of living seemed to be 
in jeopardy. The words in which the town clerk appealed to the assembly for 
liberty of speech afford another example of the intellectual freedom cherished 
in ancient Greece. After referring to the acknowledged greatness of Diana, 
as mentioned in the above verse from the Acts of the Apostles, he continued : 


‘Seeing then that these things cannot be spoken against, ye ought to 
be quiet, and to do nothing rashly. 

‘For ye have brought hither these men, which are neither robbers 
of churches, nor yet blasphemers of your goddess. 

‘Wherefore if Demetrius, and the craftsmen which are with him, have 
a matter against any man, the law is open, and there are deputies : let 
them implead one another. 

* But if ye enquire anything concerning any other matter, it should be 
determined in a lawful assembly. 

* For we are in danger of being called in question for this day’s uproar, 
there being no cause whereby we may give an account of this concourse. 

‘And when he had thus spoken, he dismissed the assembly.’ 


LAw AND ORDER IN NATURE. 


It is difficult now to realise the liberation of life and intellect brought about 
by the works of Copernicus, Galileo, and other pioneers of scientific learning. 
The very foundations of belief were shaken when the earth was dethroned 
from the position in which presumptuous man had placed it, and was shown 
to be a minor member of a group of planets revolving around a sun which was 
itself only one of millions of suns in stellar space. 

The Holy Scriptures, together with the works of early Christian fathers and 
some Greek philosophers, were believed to contain the truth about all things, 
visible and invisible, and men used them as the final court of appeal as to what 
was true in Nature. When Galileo discovered the four satellites of Jupiter 
by means of his small telescope, the philosophers of his time would not look 
through the instrument to see these bodies for themselves ; for, as Galileo 
remarked : ‘ These people believe there is no truth to seek in Nature, but only 
in the comparison of texts.’ They held that the moon was perfectly spherical 
and absolutely smooth, and it was in vain that Galileo appealed to the evidence 
of observation to the contrary. The sun was supposed to be immaculate ; 
therefore Galileo’s observations of spots upon it were illusions. Contrary to 
Aristotelian teaching, two unequal masses dropped from a height were found 
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to reach the ground together. Though there is no contemporary evidence 
that the Leaning Tower of Pisa was used for a demonstration of this fact, yet, 
in his Dialogues concerning Two New Sciences, Galileo makes Sagredo say :—“‘ But 
I, Simplicio, who have made the test can assure you that a cannon ball 
weighing one or two hundred pounds, or even more, will not reach the 
ground by as much as a span ahead of a musket ball weighing only half a 
pound, provided both are dropped from a height of 200 cubits.” 

When Newton had shown that his law of gravitation was sufficient to 
account not only for the movements of the planets but also for the paths of 
comets, it was no longer reasonable to believe that they were sent as signs or 
warnings to the human race. Consider the tremendous revolution involved 
in this substitution of permanent natural law for the conception of a world in 
which all events were believed to be reflections of the moods of a benign or 
angry God. The doctrine of daily supernatural intervention meant that men 
regarded themselves merely as clay in the hands of the potter, and did nothing 
to shape their own natural destiny. They accepted disease as an act of God 
instead of cleansing their houses, and believed that all the qualities they 
possessed, as well as the actions they took, were determined by the positions 
of the planets and other celestial bodies. Every organ of the human body was 
supposed to have its counterpart in the sky, and when Vesalius by his dissec- 
tions, and Copernicus by his system, showed that there was no relationship 
between the human frame and the order of the universe, the ponderous super- 
structure of faith and pseudo-philosophy which had been built upon it fell to 
pieces and a new mental world had to be constructed. Instead of a few 
thousand stars supposed to exist to influence the earth and affect the purposes 
of man, we now know there are many millions which can never be seen 
without telescopic aid, and millions more that are not visible with any optical 
means. The universe has thus been vastly extended, and the puerile ideas 
of past centuries have given place to far nobler conceptions of the majesty 
and power of Nature. The intellectual expansion thus brought about, 
together with the sense of justice which resulted from the existence and per- 
manence of law in Nature, profoundly influenced human thought and resulted 
in social changes which had the greatest civilising effects. 

Just as Copernicus deposed the earth from the position it was supposed to 
occupy in the universe, so Darwin placed man in a new relationship to the 
rest of living creatures. Indeed, the great controversy between the evolu- 
tionists and the creationists in the second half of the nineteenth century corre- 
sponded closely to that between the Copernicans and Ptolemaists three hundred 
years earlier. It is often supposed that Darwinism leaves ethical and moral 
ideas out of consideration and stands only for the doctrine of ‘ Nature, red in 
tooth and claw’ ; but this is due to lack of understanding of the principle. 
Evolution embodies the idea of social ethics and makes the welfare of the 
community the essential purpose of the life of the creature. The view that 
Darwinism signifies nothing more than striving after personal or national 
mastery at all costs is a crude misconception of this great principle, and was 
repudiated alike by its founder and by Huxley, its most powerful exponent, 
as contrary to the best ends of civilisation. 


174 


STIMULUS AND ENDEAVOUR. 


Unlike the creatures of the field, man can make his own environment and 
so promote the development of any type he desires to survive—poet, philosopher, 
profiteer, or pugilist. This is true of man as ‘ Nature’s insurgent son’ con- 
tinually fighting against forces of evil which would destroy him, yet able to 
survive by the use of his intelligence. He may not know the reason for his 
existence, but he does know that there is law and order in the natural world and 
that if he breaks them the penalty is inevitable. Whether he believes that this 
world and the whole universe were brought into being by a Supreme Power 
or not, he has to obey the laws of Nature in order to survive. 

If it is assumed that the divine purpose of the existence and evolution of 
life upon the earth is that man should work out his own salvation, it is difficult 
to understand what the ultimate gain will be when the earth will no longer 
be in a condition to maintain life as we conceive of it. All that science can 
say as to the future of the earth, or of any other planet or system in the astro- 
nomical universe, is expressed in the words, ‘ Our little systems have their day : 
they have their day and cease to be.’ We may contemplate the progressive 
development of man and society to any stage that may satisfy our ideals, 
but, so far as we now know, the whole phantasmagoria will eventually be 
dissolved, and the death of mankind will be the final penalty for achieving 
the highest type of humanity conceived by the human mind. This thought 
should not, however, be subversive of effort and aspiration on the part of 
humanity as a whole, any more than the individual should neglect noble 
motive and conduct because he himself has to pass away whether his 
influence has been for good or evil. Though science is unable to provide con- 
vincing evidence for survival of personality after death, it must acknowledge 
that belief in such survival is a powerful ethical factor in human development. 
It is just as permissible, therefore, to assume that another world awaits habita- 
tion by an exalted type of humanity after this earth has come to an end, as it 
is to believe in the eternal existence of personality. 

Whatever convictions may be held as to the future of man or humanity, 
the standard of goodness is decided by the community. The man who lives 
a moral life merely because he wishes to save his own soul is little better than 
an expectant hedonist ; for his motive is personal profit. He may be saved 
from punishment hereafter by being negatively evil, but his life will be of no 
benefit to the human race unless he is positively good. What existence awaits 
us when we are called away we cannot say, but stimulus and high endeavour 
may be found in the hope that each thread of life is intended to contribute to 
the web designed by its Creator. Though science may not be able to contribute 
much to the ultimate problems of spiritual beliefs, it does teach that every 
action carries with it a consequence—not in another world, but in this—to be 
felt either by ourselves or by others in our own time or the generations to come. 

We have passed the stage when, in order to afford support for Christian 
belief in general, and the Mosaic account of creation in particular, it was only 
necessary to find naturalistic or rationalistic explanations of miraculous and 
other elements in biblical records. Such attempts to fit all new knowledge 
into a system of thought having no claims to scientific accuracy or intention 
served no useful purpose to the Bible or to science, and to-day would satisfy 
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neither historical students nor naturalists. A much sounder basis can be found 
by applying evolutionary principles to religious thought, and by studying 
sacred books as stages in the story of man’s progressive discovery in theology. 
It is only by disregarding history that the idea of a fixed and final theology 
becomes possible. In science, there are no final interpretations or unchange- 
able hypotheses ; and when the same principle is recognised in theology, 
religion will share some of the vitality of the natural sciences. Evolution 
can be regarded by the theologian as merely the means of creation ; and the 
conception of gradual development is not incompatible with Christian theology. 
It is through the acceptance of the idea of evolution in the spirit as well as in 
the body of man that the partition which formerly separated religion and 
science is being dissolved. 


INSTRUMENTS IN SCIENCE 
AND INDUSTRY 


ADDRESS TO SECTION A.—MATHEMATICAL 
AND PHYSICAL SCIENCES 


By ROBERT S. WHIPPLE 
PRESIDENT OF THE SECTION. 


I FEEL that it is a great honour to be chosen as President of Section A, par- 
ticularly because on looking through the names of my distinguished pre- 
decessors I find that I am the first professional maker of scientific instruments 
to occupy this Chair. My immediate predecessor, Dr. C. G. Darwin, who 
now occupies the important position of Director of the National Physical 
Laboratory, gave us at Cambridge a brilliant dissertation on the use of mathe- 
matics in solving physical problems, and the need of the mathematical outlook 
when facing a series of facts requiring solution. He would, I am sure, be one 
of the first to insist that the mathematician requires physical facts to enable 
him to develop a physical theory, and that the probable soundness of the theory 
will depend largely upon the accuracy of the data discussed. In the majority 
of cases this accuracy depends on the qualities of the apparatus employed in 
the observations, assuming that the observer is fully qualified and capable of 
obtaining the best results from it. I believe that all such observers now demand 
far more from their apparatus than was formerly possible, but few realise the 
amount of thought and labour involved in raising the accuracy obtainable 
from one to one-tenth of one per cent. 

The help that instruments have given to the advancement of science is 
a fascinating theme, and at the same time a wide one. Amongst the earliest 
and most striking examples we find that Kepler was able to state his Laws of 
Planetary Motion as a result of the observations made with Tycho Brahe’s 
carefully constructed instruments. Tycho (1546-1601) first introduced (though 
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he did not discover) the method of transversal division of the arc, which is now 
familiar to us as the basis of the diagonal scale. It was he who first pointed 
out the importance of symmetry in an instrument. The ingenious naked-eye 
sights developed by him were a remarkable improvement on the simple 
sights previously used. According to Dreyer! his determinations of the right 
ascensions and declinations of his nine standard stars show a probable error 
of less than thirty seconds of arc—an almost incredible achievement. 

I propose to consider a few well-known instruments and to use them as 
examples to indicate how the development of a particular subject has grown 
largely with the perfection of the instruments used to investigate it. It is in 
every way a reciprocal process. By means of an instrument certain evidence 
is obtained ; this evidence does not go far enough and the instrument must 
be improved to enable further facts to be found. If, for example, the biologist 
requires to examine small bodies beyond the range of his microscope, he 
appeals to the physicist to help him, and the appeal is not in vain. Most 
probably, as a result of the work on his colleague’s problem, the physicist 
develops a technique which will be of service either to him or to a fellow- 
physicist. 

As examples of instruments primarily used to extend the range of our senses 
I will take the microscope, telescope and spectroscope. Their development 
has a long history, and each can be adapted to yield accurate measurements 
by the addition of suitable devices. Thus we are led to the application of the 
mechanical arts to the division of angles and lengths in dividing engines and 
the measurement of time by various appliances which may be considered as 
supplementary to those first mentioned. To exemplify classes of instruments 
whose use rapidly extended from the laboratory to the industrial field I will 
review those employed in temperature measurement including the galvano- 
meter, and, as an example of the rapid application of new physical knowledge 
by the instrument maker, the thermionic valve as applied to measurement. 

The first example I shall take is the microscope, an instrument which is 
used in every observational science and, in some form or another, in nearly 
every industry. The early story of the microscope has been often told, and 
yet it may be of interest to recall the most important stages in its development. 
The first instruments consisted of single lenses, actually small globules of glass, 
which, when the surfaces were suitably ground, yielded in the hands of skilled 
observers surprisingly good results. The outstanding example is the Dutch 
naturalist Leeuwenhoek, who during the period 1674-1723, using a microscope 
of this type, discovered the protozoa and bacteria, and made many other 
biological observations of supreme importance. 

Hooke, who was Leeuwenhoek’s correspondent, was working at micro- 
scopical problems at the same time, and in the Micrographia (1665) described 
his own microscope—the first compound microscope. The optical system of 
this instrument consisted of a converging lens, called the object-glass, the field 
lens, and a third lens, the eye lens. Although it has been stated frequently that 
Hooke first introduced the field lens to enlarge the field of view, there is little 
doubt that this invention was due to Monconys, who published a short de- 
scription of a compound microscope made to his design in 1660. This hardly 
detracts from the credit due to Hooke, whose publication became so generally 


1 J. L. E. Dreyer, Tycho Brahe, p. 351 (1890). 
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known, and whose optical system was universally adopted and remained 
practically unchanged for over a hundred years. 

Hevelius, in 1673, described in his Machina Coelestis a screw-focusing ad- 
justment that he had fitted to an instrument of the Hooke type which was the 
forerunner of the modern mechanism adopted (or invented independently) 
by John Marshall (1663-1725), one of the great opticians at the close of the 
seventeenth century. Marshall should be remembered by the fact that he 
was the first to introduce the. method of grinding a number of lenses simul- 
taneously, by cementing a number of pieces of glass on to the surface of a 
large convex spherical block, and working them with a concave spherical 
tool. This is still the method employed for polishing lenses in quantity. In 
the modern spectacle lens factory as many as 150 are sometimes polished in one 
block. 

Although many variations in the design and mechanical construction of 
the microscope were made during the eighteenth century and the early years 
of the nineteenth, yet there is no invention of fundamental importance to 
record until the construction of the achromatic objective. This was first 
successfully completed by the French optician Chevalier about 1825 and in 
England by Tulley working about the same time to the designs of Joseph J. 
Lister, nearly sixty years after the construction of a successful achromatic 
telescope objective. 

Abbe carried the corrections of the aberrations to a far higher degree of 
perfection notably by using glasses of new types which at his suggestion had 
been worked out by Schott, to produce, about 1886, the so-called apochromatic 
objective in which the colour correction was greatly improved. 

It is difficult to see how the resolving power of the microscope is to be 
further increased using light from the visible region of the spectrum. The 
biologist, and particularly the medical man, is anxious to study organisms the 
structure of which is too fine to be resolved by any object glass when using 
ordinary white light, the alternative to which is the employment of rays of 
shorter wave length, viz., the ultra-violet. Glass lenses are opaque to these 
short wave lengths, and therefore lenses made of fused quartz must be used. 
J. E. Barnard, who has developed a very successful technique in connection 
with ultra-violet microscopy, has shown that it is possible to study and photo- 
graph living bacteria, which are normally transparent to light from the visible 
region of the spectrum, without staining and therefore killing them. The use 
of such short wave lengths has necessitated the construction of extremely rigid 
mountings in the microscope body and complete absence of play in the moving 
parts of the instrument. As showing the perfection of the technique obtained 
with ultra-violet microscopy, it may be mentioned that it is possible to take 
a series of photographs of an object in successive parallel planes separated by 
distances of the order of 0-0002 mm.? 

The use of short wave radiations has proved so successful in the case of the 
ultra-violet microscope that a technique has been developed which offers 
great possibilities for the use of still shorter radiations. As is well known, 
a beam of cathode rays can be brought to a focus by passing the beam through 
a magnetic or electrostatic field, in a manner very similar to that in which light 


* L. C. Martin and B. K. Johnson, ‘ Ultra-violet Microscopy,’ Journal of Scientific Instru- 
ments, V, p. 337 (1928) ; and VII, p. 1 (1930). 
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is brought to a focus by a convex lens. In the same way, an electron image of 
a surface may be formed owing to the fact that the electrons will be scattered 
by an amount depending on the density (or mass concentration) of the surface 
on which they impinge. By forming the image on a fluorescent screen it can 
be rendered visible, or if projected on to a sensitised plate photographically 
recorded. 

In an instrument designed by Von Borries and Ruska,® an electron 
stream is passed through two specially designed electro-magnets (or magnetic 
lenses), mounted one above the other, which act as equivalents to the 
objective and eye-piece of an optical microscope. If an object is placed 
between the poles of the lower magnet some of the electrons will be scattered 
by the material of the object and others will be diverted by the magnetic flux 
so as to form an image of the object in a plane below the magnet. That an 
image can be formed in this way depends upon the fact that the scattering 
is proportional to the mass concentration at different parts of the object. 
The scattering will be greater from the thicker parts than from the thinner 
ones, and thus the dark parts of the image will correspond to the thick parts 
of the object, and vice versa. Magnifications of about twenty times those ob- 
tained with the optical microscope can be obtained. Excellent photographs 
have been taken of bacteria and bacilli at magnifications of 10,000 and 
20,000 diameters. 

In 1854, Jabez Hogg, in his introduction to The Microscope, states : ‘ It is 
not many years since this invaluable instrument was regarded in the light of 
a costly toy ; it is now the inseparable companion of the man of science.’ 
In the same preface he mentions that in 1841 tne Council of the Royal College 
of Surgeons had determined ‘to form a collection of preparations of the 
elementary tissues of both animals and vegetables, healthy and morbid, 
adapted to illustrate the uses and results of microscopical investigations.’ 

It is in medical science and the sciences allied to medicine that the greatest 
use for the microscope is still found. In the study of zoology, physiology and 
botany it is essential ; but it is only when its employment in the pathological 
laboratories of the world is visualised that its importance is clearly understood. 
A microscopical examination frequently settles the question of the type of 
disease from which a patient is suffering, and in the whole story of hospital 
practice there is no spectacle more dramatic than that of the surgeon sus- 
pending an operation to await the result of the pathological examination of 
a tumour suspected of malignancy. 

Sorby, in 1864, was the first to investigate the structure of metals and alloys 
by the microscope, and although it was some considerable time before his 
work was appreciated, there is now no metallurgical laboratory worthy of 
the name that does not possess a microscope by means of which the molecular 
structure of an alloy can be examined and photographically recorded. How 
important this side of the work has become is shown by the fact that the 
majority of scientific papers dealing with problems connected with alloys are 
illustrated by micrographic prints. 

Although the discovery of the telescope ante-dated that of the microscope, 


® Bodo von Borries und Ernst Ruska, ‘ Vorlaiifige Mitteilung iiber Fortschritte im Bau und 
in der Leistung des Ubermikroskopes’ Wissenschaftliche Veréffentlichungen aus den Siemens-Werken, 
17, p. 99 (1938). 
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in its service to mankind it ranks as second to it. The credit of the invention 
of the telescope must go to a Dutchman, Lippershey ; yet it was Galileo who 
first produced an instrument worthy of the name. He ground and polished 
his own lenses, and in 1610, with a telescope magnifying thirty-three diameters, 
discovered the satellites of Jupiter. Amongst his many astronomical observa- 
tions he discovered the phases of Venus, and estimated the height of the lunar 
mountains from the length of their shadows. 

Newton pointed out that the focal length of the refracting telescope could 
not be reduced owing to the refrangibility of light of different colours, and that 
it was not possible to focus for all the colours simultaneously and thus obtain 
a sharp image. He measured and calculated the distance between the foci 
of the red and violet and showed that it was about 1/50th the diameter of the 
lens. It was to overcome this difficulty that the glasses were made small and 
of long focal length. It is almost unbelievable that James Bradley, in 1722, 
measured the diameter of Venus with a telescope having a focal length of 
212 ft.,4 the supporting mast being about 45 ft. long. 

In 1663, James Gregory suggested the construction of a reflecting telescope, 
and in 1668 Newton constructed the first practical instrument, having made 
his own alloy for the mirror and having devised methods for grinding and 
polishing it. A sentence in his Opticks (Bk. I, Pt. 1, Prop. VI, p. 75) shows 
how serious the position had become : ‘ Seeing therefore the improvement of 
Telescopes of given length by Refractions is desperate ; I contrived heretofore 
a Perspective by reflexion, using instead of an Object Glass a concave Metal.’ 

The manufacture of satisfactory reflectors was very difficult, and it was not 
until an instrument maker, James Short of Edinburgh, about 1730, produced 
instruments with parabolic figuring, that the reflector came into general use. 
His instruments, even now, may be regarded as examples of first-class work- 
manship. 

Sir William Herschel began making specula in 1774 and constructed a 
large number of reflecting telescopes, the most famous being his instrument 
at Slough of 4 ft. aperture and 40 ft. focal length ; this was completed in 1789. 
Unfortunately the weight (25 cwt.) of the large speculum rendered it liable to 
distortion and it is of interest to note that all Herschel’s discoveries were made 
with smaller instruments. More than fifty years later a reflector of 6 ft. aper- 
ture and 54 ft. focal length was erected by Lord Rosse at Parsonstown. All 
these instruments were fitted with metal mirrors which had an unfortunate 
tendency to tarnish, and re-polishing was apt to spoil the figuring of the mirror. 
In the modern instrument the metal mirror is replaced by glass which can be 
re-silvered at intervals. During the last few years aluminium has taken the 
place of silver as the reflecting surface, the aluminium being deposited on the 
glass surface under vacuum. The aluminium film does not tarnish, is more 
robust than silver and has a higher coefficient of reflection for short wave 
lengths, and is thus more efficient photographically. 

Owing to the increasing demand for telescopes of higher magnification, 


4 The actual observation reads : 
©1722 
‘ Dec. 27. 5 h. the distance between the horns of Venus was observed 29 rev. = 57°8 
in a telescope of 212} f. — m. diam. 19.04”.’ 
The Miscellaneous Works and Correspondence of the Rev. James Bradley, p. 354. 
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and of increased light-gathering power, the size of the mirrors used in the 
modern instruments is steadily increasing. The Mount Wilson Observatory 
has a telescope with a mirror 100 in. in diameter, and it is a matter of 
common knowledge that magnificent photographs of nebule, etc., have been 
obtained with it. At the present time an instrument having a mirror 200 in. 
in diameter is being constructed for the Mount Palomar Observatory. The 
manufacture of the borosilicate glass (pyrex) block for this mirror, which weighs 
twenty tons, has been a feat of considerable skill, and if it is successfully ground 
and polished, as appears likely, it will be a great engineering triumph. It is 
difficult to realise the accuracy of grinding and polishing required in these 
large mirrors. Dr. Spencer Jones, the Astronomer Royal, has stated ® that in 
the case of the ‘ 100 inch mirror, made at Mount Wilson, the actual curve of 
the glass nowhere differed from the correct theoretical curve by more than 
0-000003 inch. The precision of figure required and attained can perhaps 
best be appreciated if expressed in this way : suppose the mirror to be enlarged 
250,000 times so that the radius of curvature becomes about equal to the 
radius of the Earth—4,000 miles. ‘The diameter of the mirror would be about 
400 miles and the mirror would easily cover England and Wales. The depth 
of its concave surface would be about five miles; the greatest difference 
between the paraboloid and the nearest spherical surface would be about 
21 feet, and the largest divergence of the finished surface from a true paraboloid 
would be only about ?-inch.’ We have become so accustomed to success in 
mounting and operating these large telescopes, that we are apt to forget that 
this is the heaviest and certainly the most impressive side of instrument 
construction work. 

Thus, for the large telescope the reflector has established itself as the most 
satisfactory instrument, whereas for the smaller telescope, and for the everyday 
purposes of life, the refractor is still the more efficient. In 1733, Chester 
Moor Hall found that by combining lenses made from glasses having different 
refractive indices he was able to correct for the unequal refrangibility of light 
of different wave lengths, and succeeded in making lenses which produced 
images free from colour. The same discovery was made independently by 
John Dolland, who, in 1758, produced an achromatic telescope in which the 
object glass consisted of a convex lens of crown glass combined with a concave 
lens of flint glass. The invention of the achromatic lens must be considered 
as one of the milestones in the development of scientific instruments—its 
importance in nearly every piece of apparatus employing a lens can hardly 
be exaggerated. 

Perhaps there is no instrument which in recent times has aided pure science 
so much, and which is now beginning to help industry, as the spectroscope. 
Fraunhofer constructed the first spectroscope in 1817, and made the first 
measurements of the lines of the solar spectrum. He was also the first to 
observe the spectrum of the electric spark. In 1842, Becquerel and Draper 
independently photographed the solar spectrum on daguerreotype plates, thus 
laying the foundation for the modern science of spectroscopy. 

In 1859, Kirchhoff showed that the luminous vapour of a metal has the 
property of absorbing the same kind of light as it emits at the same temperature. 
Kirchhoff recognised the fundamental importance of his discovery, entitling 


5 Fournal of Scientific Instruments, XII, p. 39 (1935). 
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it ‘Spectrum Analysis’; but it is largely due to Hartley (1882) and later 
to Twyman who designed simple and efficient instruments, that spectroscopic 
analysis has become a quantitative method of chemical analysis. The spectro- 
graph is now one of the most important tools in the metallurgical and chemical 
laboratory. In the manufacture of steel it is proving an invaluable check on 
the quality of the materials ; the spectrogram obtained from the sample under 
test being compared with that taken from a standard. The speed of analysis 
may be judged from the statement ® that it is possible for one man to analyse 
twelve samples of nickel-chromium-molybdenum steel spectrochemically for 
the elements silicon, manganese, nickel, chromium, molybdenum, vanadium, 
aluminium and copper in less than one day. The spectroscope has also become 
a tool in common use in the steel warehouse, the storekeeper being able by 
its means to detect any mixing of the batches of steels. In the laboratories 
of the works producing non-ferrous materials the spectroscope is proving 
equally efficient. For example, the failure of lead pipes from causes other 
than frost has been considerable, and has been traced to impurities in the lead. 
A spectroscopic examination of the pipe that has failed shows in a few minutes 
the undesirable impurities present, and, if the examination is carried further, 
the quantities of those impurities. There are few trades in which the spectro- 
scope cannot be of service in testing the qualities of materials, etc. 

Our knowledge of the constitution of the celestial bodies is almost entirely 
due to the spectroscope. By its means it has been possible to discover what 
elements are present in the vapour surrounding them. This was strikingly 
shown by the discovery by Lockyer, in 1868, of an unknown gas (Helium) in 
the bright-line spectrum of the sun’s atmosphere, which was identified by 
Ramsay twenty-seven years later in the terrestrial atmosphere. The photo- 
graphing of the sun’s disc in a limited band of wave lengths has led to the 
development of a special form of recording spectroscope, the photo-spectro- 
heliograph. In this instrument the slit of a spectroscope is slowly traversed 
across the sun’s image, the selected radiation falling upon a photographic 
plate. Thus a picture of the sun is built up from a series of photographs 
taken in the selected wave lengths. For example, if the wave length selected 
is one of calcium, a picture of the disc is obtained showing the distribution of 
calcium over the sun’s surface. In order that the photograph should not be 
striated, it is essential that the movement of the spectroscope across the sun’s 
image should be uniform. Horace Darwin obtained this result by mounting 
the carriage of the instrument geometrically on large balls and by moving it 
by a falling weight controlled by an oil cylinder. The result was a triumph 
of simple geometric design. The major part of the knowledge obtained about 
the double stars and also the determination of the velocity of stars in the line 
of sight has been obtained from spectroscopic observations. The theory of 
the expanding universe may be said to rest on spectroscopic observations. 

In theoretical physics the value of spectroscopic work cannot be exag- 
gerated ; it is, I understand, true to say that modern theories of atomic 
structure depend largely on evidence supplied by the spectroscope. Unfortu- 
nately there is no time to dwell on the comparatively new development of the 


* F. G. Barker, ‘Some Applications of the Spectrograph to the Quantitative Analysis of 
Ferrous and Non-ferrous Metals,’ Journal of the Iron and Steel Institute, 139, p. 244 (1939). 
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X-ray spectroscope and the importance of this instrument in chemical analysis 
and in the understanding of the structure and behaviour of alloys. 

The distinction between the telescope suitably mounted to survey the 
heavens and that used to measure distances upon the earth’s surface is a faint 
one. The transit instrument is in general only a larger form of theodolite. 
The early surveyors (and here we may go back to early Egyptian times) made 
plans by means of rods and plummets ; but it was not until the invention of 
the astrolabe and the use of a divided circle fitted with sights that accurate 
surveying was attempted. ‘The first mention of the word ‘ theodolite’ occurs 
in a book Pantometria (1571) by an Englishman, Thomas Digges. (It is a 
matter of interest that Digges has some claim to be called ‘ the inventor 
of the telescope.’) The early theodolites, like the astronomical instruments, 
were fitted with pin-hole sights: in the case of the latter instruments an 
important controversy arose between Hooke and Hevelius (1679) concerning 
the relative advantages of telescopic and open sights. Although Hevelius 
was not convinced, the telescopic sight was almost invariably used after that 
date. Mention should be made that William Gascoigne invented the filar 
micrometer and fitted it to a telescope in 1640 : this invention greatly increased 
the accuracy of instruments to which it was attached. Bradley’s observation 
in 1722 shows that he used a form of filar micrometer with considerable 
success. 

As the demands of the astronomer (and later of the surveyor) increased, so 
the need for improved divided circles became more urgent. The accurate 
dividing of circles has always been one of the more difficult tasks of the instru- 
ment maker, and it is almost entirely due to the English manufacturer that 
the art of dividing has reached its present high position. For many years 
there was no alternative but patiently to bisect, or trisect, with a beam compass 
the spaces set out on the scale or circle, and to continue this operation until the 
scale was subdivided to the desired number of divisions. The master points 
controlling the dividing can even now be seen on some of the old instruments. 
The names of George Graham (1673-1751) and John Bird (1709-1776) may 
be mentioned as masters of the art : it is stated that Bird was able to obtain 
an accuracy of 5 minutes of arc on his 8-ft. quadrant by continued bisection 
of the arc. 

Henry Hindley of York, about 1739, completed a small machine for cutting 
the teeth in clock wheels and for dividing instruments. In 1766 Jesse Ramsden 
made his first circular dividing engine, but as it was not sufficiently accurate for 
dividing the scales of nautical instruments, he completed a second machine 
in 1775. As this was the pioneer of the modern dividing machine, it may be 
of interest to describe it in some little detail. The machine is now in the 
United States National Museum at Washington. 

It consists of a horizontal wheel or plate 45 in. in diameter, which turns 
on a vertical axis. The periphery of the wheel is cut or notched into 2,160 
teeth, into which a worm meshes. Immense care was taken over the cutting 
of the teeth. The wheel was first divided into five parts, and each of these 
into three ; these parts were then in turn bisected four times: this gave 
spaces corresponding to 432, 144, 72, 36, 18 and 9 teeth. These in turn were 
checked with another circle divided by continual bisections. The downward 
stroke of a treadle turned the screw forward a definite amount as determined 
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by suitable mechanism. The circle to be cut was centred and fixed to the 
master plate, and after each stroke of the treadle a division was cut by hand, 
the cutting point being carried in a frame which would allow of linear motion 
only. One forward revolution of the screw advanced the plate through 
10 minutes of arc. 

(It was with this machine that Ramsden divided the circles of the 3-ft. 
theodolites used in the principal triangulation of Great Britain and Ireland, 
1792-1862. ‘They were divided to 10 minutes and read to one second by 
three micrometer microscopes.) 

In 1826, William Simms invented the self-acting mechanism by means of 
which the dividing machine became completely automatic, thus saving an 
immense amount of time, and reducing the risk of error in the dividing of a 
circle. A similar but larger machine, built by G. W. Watts in 1905, is capable 
of dividing a circle 4 ft. 6 in. in diameter to 30 seconds of arc with an error 
not exceeding + 1 second. 

Linear scales are automatically divided by somewhat similar machines in 
which are fitted a temperature compensation device for variation in the 
temperature of the machine and a compensation device for correcting for any 
variations in the pitch of the master screw. In this connection the scientific 
man and the instrument maker are alike indebted to the late Dr. C. Guillaume 
for the invention of ‘ invar,’ a nickel-steel alloy having a remarkably small 
temperature coefficient of expansion, and hence an almost ideal material from 
which to manufacture standard scales and measuring tapes. In the case of 
linear scales the position of the lines in a good metre scale can be guaranteed 
to an accuracy of 0:002 mm. 

An interesting development in surveying instruments has taken place 
during the last few years. Heinrich Wild, a Swiss engineer, designed about 
1921 a theodolite in which by means of an ingenious optical system it is possible 
to read the positions of the vertical and azimuth circles simultaneously in the 
eye-piece of a microscope mounted on the same axis as the telescope The 
optical system for reading the circles demanded that they should be divided 
on glass, and the observer on his part insisted that the weight should be re- 
duced. In the case of an instrument intended for a triangulation of the first 
order, the horizontal circle is 5:5 in. in diameter, and it is divided to 4 minutes 
ofarc. The final readings are taken on a micrometer drum and may be relied 
upon to 0-1 second. The dividing is etched on the glass, the thickness of 
the lines and figures not exceeding 0-0006 in. (0-015 mm.), the divisions 
being about 0-003 in. (0-075 mm.) apart. I may here interject that the 
obtaining of a resist that would allow the etching on the glass of such fine and 
close lines by an acid has necessitated a great deal of research. It may be re- 
garded as typical of one of the small but serious difficulties that the instrument 
maker has so often to solve. The weight is about one-third that of any 
other type of instrument of similar accuracy, and the time taken over an ob- 
servation at least one-quarter. Divisions etched on glass are more stable than 
those cut on silver, and the dividing error is reduced by the fact that circles 
do not have to be ‘ cleaned off’ after dividing, and thus there is no risk of 
distorting a line. In this connection it may be of interest to mention that the 
new reversible transit circle at the Greenwich Observatory, just completed 
by Messrs. Cooke, Troughton and Simms, is fitted with glass circles 28 in. in 
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X-ray spectroscope and the importance of this instrument in chemical analysis 
and in the understanding of the structure and behaviour of alloys. 

The distinction between the telescope suitably mounted to survey the 
heavens and that used to measure distances upon the earth’s surface is a faint 
one. The transit instrument is in general only a larger form of theodolite. 
The early surveyors (and here we may go back to early Egyptian times) made 
plans by means of rods and plummets ; but it was not until the invention of 
the astrolabe and the use of a divided circle fitted with sights that accurate 
surveying was attempted. ‘The first mention of the word ‘ theodolite ’ occurs 
in a book Pantometria (1571) by an Englishman, Thomas Digges. (It is a 
matter of interest that Digges has some claim to be called ‘ the inventor 
of the telescope.’) The early theodolites, like the astronomical instruments, 
were fitted with pin-hole sights: in the case of the latter instruments an 
important controversy arose between Hooke and Hevelius (1679) concerning 
the relative advantages of telescopic and open sights. Although Hevelius 
was not convinced, the telescopic sight was almost invariably used after that 
date. Mention should be made that William Gascoigne invented the filar 
micrometer and fitted it to a telescope in 1640 : this invention greatly increased 
the accuracy of instruments to which it was attached. Bradley’s observation 
in 1722 shows that he used a form of filar micrometer with considerable 
success. 

As the demands of the astronomer (and later of the surveyor) increased, so 
the need for improved divided circles became more urgent. The accurate 
dividing of circles has always been one of the more difficult tasks of the instru- 
ment maker, and it is almost entirely due to the English manufacturer that 
the art of dividing has reached its present high position. For many years 
there was no alternative but patiently to bisect, or trisect, with a beam compass 
the spaces set out on the scale or circle, and to continue this operation until the 
scale was subdivided to the desired number of divisions. The master points 
controlling the dividing can even now be seen on some of the old instruments. 
The names of George Graham (1673-1751) and John Bird (1709-1776) may 
be mentioned as masters of the art: it is stated that Bird was able to obtain 
an accuracy of 5 minutes of arc on his 8-ft. quadrant by continued bisection 
of the arc. 

Henry Hindley of York, about 1739, completed a small machine for cutting 
the teeth in clock wheels and for dividing instruments. In 1766 Jesse Ramsden 
made his first circular dividing engine, but as it was not sufficiently accurate for 
dividing the scales of nautical instruments, he completed a second machine 
in 1775. As this was the pioneer of the modern dividing machine, it may be 
of interest to describe it in some little detail. The machine is now in the 
United States National Museum at Washington. 

It consists of a horizontal wheel or plate 45 in. in diameter, which turns 
on a vertical axis. The periphery of the wheel is cut or notched into 2,160 
teeth, into which a worm meshes. Immense care was taken over the cutting 
of the teeth. The wheel was first divided into five parts, and each of these 
into three ; these parts were then in turn bisected four times: this gave 
spaces corresponding to 432, 144, 72, 36, 18 and 9 teeth. These in turn were 
checked with another circle divided by continual bisections. The downward 
stroke of a treadle turned the screw forward a definite amount as determined 


4 


b 
t 
1 
tl 
t 
| 
| 
| 
| 
| 
| 


183 


by suitable mechanism. The circle to be cut was centred and fixed to the 
master plate, and after each stroke of the treadle a division was cut by hand, 
the cutting point being carried in a frame which would allow of linear motion 
only. One forward revolution of the screw advanced the plate through 
10 minutes of arc. 

(It was with this machine that Ramsden divided the circles of the 3-ft. 
theodolites used in the principal triangulation of Great Britain and Ireland, 
1792-1862. They were divided to 10 minutes and read to one second by 
three micrometer microscopes.) 

In 1826, William Simms invented the self-acting mechanism by means of 
which the dividing machine became completely automatic, thus saving an 
immense amount of time, and reducing the risk of error in the dividing of a 
circle. A similar but larger machine, built by G. W. Watts in 1905, is capable 
of dividing a circle 4 ft. 6 in. in diameter to 30 seconds of arc with an error 
not exceeding + 1 second. 

Linear scales are automatically divided by somewhat similar machines in 
which are fitted a temperature compensation device for variation in the 
temperature of the machine and a compensation device for correcting for any 
variations in the pitch of the master screw. In this connection the scientific 
man and the instrument maker are alike indebted to the late Dr. C. Guillaume 
for the invention of ‘ invar,’ a nickel-steel alloy having a remarkably small 
temperature coefficient of expansion, and hence an almost ideal material from 
which to manufacture standard scales and measuring tapes. In the case of 
linear scales the position of the lines in a good metre scale can be guaranteed 
to an accuracy of 0-002 mm. 

An interesting development in surveying instruments has taken place 
during the last few years. Heinrich Wild, a Swiss engineer, designed about 
1921 a theodolite in which by means of an ingenious optical system it is possible 
to read the positions of the vertical and azimuth circles simultaneously in the 
eye-piece of a microscope mounted on the same axis as the telescope The 
optical system for reading the circles demanded that they should be divided 
on glass, and the observer on his part insisted that the weight should be re- 
duced. In the case of an instrument intended for a triangulation of the first 
order, the horizontal circle is 5-5 in. in diameter, and it is divided to 4 minutes 
ofarc. The final readings are taken on a micrometer drum and may be relied 
upon to 0-1 second. The dividing is etched on the glass, the thickness of 
the lines and figures not exceeding 0-0006 in. (0-015 mm.), the divisions 
being about 0-003 in. (0-075 mm.) apart. I may here interject that the 
obtaining of a resist that would allow the etching on the glass of such fine and 
close lines by an acid has necessitated a great deal of research. It may be re- 
garded as typical of one of the small but serious difficulties that the instrument 
maker has so often to solve. The weight is about one-third that of any 
other type of instrument of similar accuracy, and the time taken over an ob- 
servation at least one-quarter. Divisions etched on glass are more stable than 
those cut on silver, and the dividing error is reduced by the fact that circles 
do not have to be ‘ cleaned off’ after dividing, and thus there is no risk of 
distorting a line. In this connection it may be of interest to mention that the 
new reversible transit circle at the Greenwich Observatory, just completed 
by Messrs. Cooke, Troughton and Simms, is fitted with glass circles 28 in. in 
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diameter, the divisions being etched at intervals of 5 minutes of arc. The 
Astronomer Royal informs me that the extreme range in the division errors is 
only about 0-75 second and that the error of reading is very small.’ 

Before leaving surveying instruments mention must be made of the new 
developments in aerial surveying in which contours, etc., are obtained from 
photographs taken from aircraft at different standpoints. Although surveying 
by photography had been used before the Great War for the mapping of 
districts difficult to survey by ordinary methods, yet it was not then generally 
employed. Improvements in photography from the air, especially in the 
development of wide angle flat field photographic lenses having negligible 
distortion up to an included angle of 90°, have made it economically possible 
to survey fresh country, and even to check-over surveys that have been pre- 
viously made by the usual methods. The ever-changing outlines of our 
towns can now be accurately recorded by photographs taken from the air. 
As an example it may be mentioned that with a Ross 4-in. lens photographs 
have been taken over London from a height of 22,000 ft., representing over 40 
square miles on a plate 7 in. square. The distortion given by such a lens is 
exceedingly small, a point in the image plane not being more than + 0-01 mm. 
out of its correct position, except on the edge of the plate where the distortion 
slightly increases but does not amount to 0-1 mm. A new development, 
and one of great promise, is the construction of a multiple lens camera. Major- 


General M. N. MacLeod recently described * the performance of a seven-lens - 


camera, comparing it with the results given by a single-lens instrument. He 
stated that at a flying height of 15,000 ft. the area of the picture. obtained 
with the seven-lens was 96 square miles as compared with 8-4 square miles 
with the single lens, and that the number of photographs required to obtain 
a survey of 1,000 square miles was 32 as compared with 410; an immense 
saving in flying time. Several forms of plotting machine have been developed 
for the interpretation of the photographs obtained, the majority combining 
either stereoscopically or otherwise the two views taken from different stand- 
points. One of the most successful of these has been designed by Captain E. H. 
Thompson of the Ordnance Survey. The results obtained with the air survey 
nlotting instruments have proved not only more accurate but more expeditious 
‘han surveys made on the ground. 

The earliest of all instruments were, however, those devoted to the measure- 
ment Of wine, and depended on the position of the sun ; in the majority of 
cases on the position of a shadow cast by it. Later the time was also told by 
observing the position of the earth relative to the stars. Throughout the 
Middle Ages, and later during the fifteenth to seventeenth centuries, great 
ingenuity was shown in the design and construction of sundials and nocturnals. 
The large literature on tne subject shows how important the measurement of 
time was, even then, to the community. For the purpose of our discussion 


” He also states that ‘ The principal contributory causes to the total probable error of 
a single observation of declination are (a) error of bisection of star by declination micrometer 
wire ; (6) error in assumed refraction ; (c) slow wandering of star image produced by atmo- 
spheric irregularities ; (d) errors in adopted instrumental errors of level, azimuth, etc., 
which vary with changes of temperature and direction of wind, and which are interpolated 
from smoothed curves.’ 

8 M. N. MacLeod, ‘ Some Recent Developments in British Surveying Instruments,’ Proc. 
Phys. Soc., 51, p. 716 (1939). 
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we need not dwell further upon these instruments nor upon the clocks used 
previously to the invention of the pendulum. Although Galileo had noticed 
in 1581 that the time of swing of a pendulum was almost independent of the 
amplitude of its swing, yet it is doubtful whether he succeeded in making 
a working clock. In 1657 Huyghens patented his pendulum clock, and 
described it fully in 1673 in his Horologium Oscillatorium. ‘The clock was driven 
by a falling weight and kept the pendulum in motion by impulses transmitted 
through a verge escapement. Shortly after this date Hooke invented the 
anchor escapement, which, in its form modified by Graham, became the escape- 
ment used in the majority of pendulum clocks, and remains so to the present 
day. The effect of temperature upon a pendulum clock is serious, in that the 
length of the pendulum varies with temperature and hence the duration of the 
period of swing. Graham in 1721 introduced a pendulum bob containing 
mercury ; thus, by adjusting the quantity of mercury its expansion could be 
made to counteract that of the steel pendulum rod. Five years later Harrison 
invented the composite, or ‘ grid-iron,’ form of pendulum made of brass and 
steel rods to which the weight was attached. Nearly all the temperature 
compensation difficulties disappeared with the invention of invar, a material 
of negligible temperature expansion-coefficient. There is not time to enlarge 
upon the devices for compensation for changes in barometric pressure and on 
the various methods for maintaining a standard clock in motion. Mention 
must be made of the Shortt free pendulum clock introduced in 1921, in which 
the daily variations in the rate are only a few thousandths of a second. 

In the history of timekeeping the chronometer of Harrison must be men- 
tioned as it marked a great step forward as compared with its predecessors. 
In the official tests of his fourth instrument it was shown that over a period 
of five months on a voyage to Barbados and back its total error was fifteen 
seconds. About 1920 Guillaume introduced an alloy, elinvar, whose elasticity 
is almost independent of temperature, and it is also non-magnetic. Thus by 
making the balance wheel of a watch or chronometer of this material, the 
effects of temperature and stray magnetic fields have been eliminated. Official 
tests show that a watch fitted with a Guillaume balance, which in this case is 
a cut balance of brass and 42 per cent. nickel-steel alloy, may have a mean 
variation of daily rate of only 0-06 second.® 

The accurate control of the length of the wireless waves radiated by the 
broadcasting stations has been a difficult problem, and has resulted in the 
production of an extremely accurate timekeeper. That certain asymmetric 
crystals when subjected to electrical stresses change their dimensions was dis- 
covered by the brothers J. and P. Curie in 1880. ‘They also showed that such 
crystals develop surface charges under the influence of mechanical pressure. 
Later it was shown that when stressed by a rapidly alternating current the 
crystal is made to vibrate, and if the frequency agrees with the natural frequency 
of the crystal the amplitude of oscillation is relatively large. Primarily owing to 
the work of two men, W. G. Cady in America and the late D. W. Dye in this 
country, quartz crystal controlled oscillators have been developed which 
maintain themselves in oscillation at a definite frequency and with an accuracy 
of approximately one part in one hundred million. A form of clock has been 
designed in which the maintaining power is an electric circuit controlled by 


9 The National Physical Laboratory, Watch and Chronometer Trials, p. 7 (1938). 
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a quartz oscillator. One of these clocks has been installed at the Royal 
Observatory, Greenwich, and it is hoped that by its means it may be possible 
to check the time of rotation of the earth upon its axis. I think it would be 
difficult to find a more striking example of a piece of pure scientific research 
work developing into an appliance with almost unlimited possibilities. 

From the point of view of industry, the thermometer is one of the most 
important of all scientific tools, for that is its ultimate position. There is hardly 
an industry in which temperature does not play an important part, and in our 
daily lives the question of the temperature of our bodies, or of the air surround- 
ing them, is of fundamental importance. 

The first instrument for measuring temperatures was an air-thermometer, 
and was invented by Galileo about 1592. His friend Sanctorius actually 
used a form of thermoscope to show variations in the heat of the human body 
—the first clinical thermometer. The Grand Duke Ferdinand II of Tuscany 
is said to have invented about 1650 the first alcohol thermometer in which the 
tube was hermetically sealed. It is not known to whom the invention of the 
mercury-in-glass thermometer is due, although they were in existence in 1693. 

Lord Kelvin propounded the thermo-dynamic scale of temperature as the 
final standard of reference, and it is to this scale (the absolute scale of tem- 
perature) that all temperatures are now referred. The National Physical 
Laboratories of the world have, at immense trouble, linked up their thermo- 
metric scales, so that readings taken by an instrument standardised by the 
Bureau of Standards in Washington will be found to agree with those certified 
at the National Physical Laboratory. The first important work of this kind 
was an investigation at the Bureau International des Poids et Mesures, about 
1884, into the errors of mercury-in-glass thermometers. As a result it was 
shown that if the thermometer bulb was made of a ‘ hard’ glass, and if a care- 
fully prescribed routine was followed in the standardisation of the thermo- 
meter, it could be made an instrument capable of measuring temperatures 
throughout its range to 0-001° C. 

The recent developments in the manufacture of mercury-in-steel thermo- 
meters and of vapour pressure thermometers have largely reduced the demand 
for mercury-in-glass thermometers in industry. That there is still a huge 
field for the mercury thermometer may be judged from the fact that the 
National Physical Laboratory certifies over half a million clinicals annually, 
and that air temperatures are largely taken with such thermometers. 

Electrical methods of measuring temperature have made great strides 
during the past few years. A great deal of this progress was due to the work 
of H. L. Callendar, who was President of Section A when the British Association 
last met in Dundee in 1912. He showed that the resistance thermometer 
suggested by Sir William Siemens in 1871 could be made an instrument of 
high precision and at the same time developed simple bridge methods for 
measuring the resistance of the thermometer. Above all he invented the 
Callendar Recorder, the pioneer of the majority of recording bridges and 
potentiometers in use to-day. Callendar possessed in a marked degree the gift 
of explaining difficult problems, and also that of great experimental skill. 

Although the resistance thermometer is still the standard for the range 
—100° to 600° C., it is not used as frequently in industry for the measurement 
of high temperatures as it was a few years ago. Its industrial field has become 
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that covering temperatures below 500° C., and more particularly for use in 
positions where by means of a switchboard it is convenient to read a group of 
temperatures from one central position. 

The discovery of thermo-electricity by Seebeck in 1822 led eventually to the 
production of the simplest electrical thermometer and one of the most practical 
in industry. The platinum, platinum 10 per cent. rhodium couple was intro- 
duced by Le Chatelier in 1886, and owing to its reliability and to the fact that 
its electrical constants can be reproduced in various meltings of the alloy, has 
become the most generally used in accurate high temperature work. Owing 
to the high price of platinum this thermo-couple (generally referred to as the 
‘ rare-metal ’ couple) cannot be used in industry as freely as one would wish, 
but the invention of the ‘ base metal ’ couples, such as iron, constantan (Ni 40 
Cu 60 per cent.), nickel, nickel-chromium (Ni 90 Cr 10 per cent.), has largely 
met the requirements. The latter of these two couples, due to Hoskins, may, 
if suitably protected, be used for temperatures as high as 1200° C. The base 
metal couples yield a high E.M.F., thus tending to simplify the measuring 
equipment. 

A variety of potentiometers, deflection galvanometers and recorders have 
been developed to meet the demands of industrial thermometry. It is, I think, 
true to state that with very few exceptions no heat treatment is now given to 
any material in a manufacturing plant without thermometric control.” The 
modern methods of heating lend themselves so readily to automatic control 
that the instrument maker is being called upon to design automatic controls 
for every variety of heat treatment from that of a dental furnace to one capable 
of taking the largest gun. The application of high temperatures in industry, 
especially in metallurgical work, has increased the demand for instruments 
capable of measuring temperature without being placed in the hot zone. The 
first satisfactory attempt at such a pyrometer was made in 1892 by Le Chatelier. 
In this instrument, which was a form of photometer, the intensity of the light 
received from the hot body was adjusted by means of an iris diaphragm (later 
by means of absorbing-glass wedges) to match that given by a standard lamp. 
A few years later Holborn and Kurlbaum introduced the disappearing- 
filament form of instrument which in one form or another is now the most 
generally used type of optical pyrometer. In this the filament of a small 
incandescent lamp is interposed between the eye of the observer and the hot 
body. The current through the lamp is adjusted so that the filament becomes 
invisible against the incandescent hot body. The Féry pyrometer (1902) 
consists of a thermo-couple of small mass mounted in the focus of a concave 
mirror which focuses the total radiation received from the hot body on to the 
couple. This instrument can be used to measure temperatures throughout 
a large range. It has also the advantage that it can be readily attached to a 
recording galvanometer and can thus be made to follow the stages in the heat 
treatment of materials in a furnace or kiln. Owing to the large amount of 
comparatively recent theoretical work on radiation problems, the principles 


10 In this connection the work of Wedgwood, the famous potter, should not be forgotten. 

In 1782 he introduced a method of measuring the contraction of small blocks of china clay 

of various compositions. The contraction varied with the temperature and a measurement 

of this gave an idea as to the maximum temperature reached at the time of the withdrawal 

of the block. This form of pyrometer was in general use in the potteries for over a century, 
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underlying optical and radiation pyrometers have been exhaustively studied, 
so that the measurements obtained with these instruments are closely linked 
to the absolute temperature scale. Thus the upper basic points on the scale 
of temperatures published by the International Committee on Weights and 
Measures in 1927 were established by means of optical pyrometers. 

The last instrument that I shall deal with is the galvanometer, and that 
can only be taken as representing the great group of electrical instruments that 
has come into existence during the past century. At the Faraday Centenary 
Exhibition, held in London in 1931, an exhibit showing the development of 
electrical measuring instruments was staged by Mr. R. W. Paul on behalf of 
the Exhibition Committee. The exhibits showed how cosmopolitan has been 
the growth of electrical measuring instruments. The galvanometer is no 
exception to this statement. The name itself was given to a form of electro- 
meter by Bischoff in 1802, and commemorates the discovery by Galvani of the 
movements of the muscle of a dead frog by electricity. Odcersted in 1820 dis- 
covered that an electric current would deflect a compass needle, and thus 
laid the foundation for the many types of moving iron or magnet galvano- 
meters. In 1858 W. Thomson (Lord Kelvin) invented the mirror galvano- 
meter for use with the Atlantic submarine cable ; this instrument made sub- 
marine signalling possible. In 1881 the Deprez-d’Arsonval moving-coil 
galvanometer was invented, and although it had been anticipated by other 
inventors the credit is due to these two distinguished Frenchmen for the most 
practical form of galvanometer—the one used in practically every direct- 
current measurement. ‘The moving-coil galvanometer has been studied 
theoretically and practically by Ayrton and Mather, Zernicke and Moll, and 
the result of their work is an instrument of extremely high sensitivity and short 
period. Paschen, Nichols and Downing and Hill have done much to increase 
the sensitivity of the moving-magnet galvanometer. (In this connection 
acknowledgment must be made of the great debt the physicist and the instru- 
ment maker owe to that doyen of instrument designers, Sir C. Vernon Boys. 
The high sensitivity of certain types of galvanometer is very largely due to his 
invention of the quartz fibre—the ideal material for suspending light bodies.) 

The sensitivity of such instruments is now so great that it has become 
necessary to enquire into the effects of Brownian motion. This has been dis- 
cussed very fully by Barnes and Silverman," who conclude that there ‘is a 
definite limit set by Brownian motion.’ In practice, however, ‘ mechanical 
stability and the patience necessary to read long-period instruments are the 
limiting factors of sensitivity, for an ideal instrument.’ 

A form of galvanometer which has proved of great service in industry in 
confirming much theoretical work in connection with alternating currents is 
the electro-magnetic oscillograph, a galvanometer possessing an extremely 
short periodic time and fairly high current sensitivity. The moving strip 
type, in which the element is reduced to the simplest form, consists of a loop of 
a fine metallic strip stretched in a magnetic field, the air-gap being reduced 
to a minimum. This instrument was invented by Blondel in 1893, but its 
development was largely due to Duddell, who, six years later, showed in a 
series of striking experiments the possibilities of the instrument. Since then 


11 R. Bowling Barnes and S. Silverman, ‘ Brownian Motion as a Natural Limit to all 
Measuring Processes,’ Review of Modern Physics, 6, p. 169 (1934). 


| 
| 
| 


189 


its capabilities have been much improved, the latest models having a natural 
frequency in air of z7-do0 second and a sensitivity of 42 mm. at one metre for 
0-1 ampere D.C., or with a frequency of ge55 sec. a sensitivity of 580 mm. at 
one metre for the same current—a sensitivity ten times that possible five years 
ago. In some of the test rooms of the large switch and cable makers a group 
of these instruments (sometimes as many as twenty-four elements) is used to 
record photographically the phenomena set up in the network when a heavy 
current switch is opened or closed. 

The problems connected with telegraphy and wireless have also invoked the 
aid of the oscillograph. Many of the phenomena to be studied take place 
in such short intervals of time (z-sot-dos tO roscweo-wo0 S€C.) that it is impossible 
for any form of mechanical instrument to respond. This has brought into 
general use the cathode-ray oscillograph, a form of which is now so familiar 
in television sets. ‘The cathode-ray beam is deflected by the current or voltage 
under investigation, the movements being recorded either by the direct action 
of the beam on a photographic plate, or by photographing the luminous trace 
on a fluorescent screen. For the observation of phenomena occurring in 
extremely short intervals of time the former method is adopted, the writing 
speed of the spot being approximately one-third the velocity of light. 

An address of this nature would be incomplete if no mention were made of 
the thermionic valve. The story of the development of this device has been 
told elsewhere and in greater detail than is here possible. Its advent has 
led not only to the birth of a wide range of new instruments otherwise im- 
practicable, but also to the simplification of many measuring techniques. The 
thermionic voltmeter was one of the first, if not the first, measuring instrument 
employing directly a valve and uses to the full its most valuable characteristics 
as a measuring device. These characteristics may be briefly summed up as 
rectification, amplification, rapidity of response, and high impedance. 
Although these are the prime considerations, others, such as high overload 
capacity, are advantageous. The rectifying action combined with amplifica- 
tion enables alternating currents and voltages as small as 10~* ampere and 10~4 
volt to be measured, using a robust moving-coil instrument as a direct reading 
indicator. The low electrical inertia and high input impedance have, when 
using suitable diode valves, enabled voltages and frequencies up to 100 mega- 
cycles to be measured with reasonable accuracy by robust commercial 
instruments. 

The part played by the thermionic valve in the simplification of measuring 
techniques is now well known to all laboratory workers. As a striking example 
it is, I think, safe to say that had it not been for the replacement of the 
mechanical type of electrometer by the electrometer valve or other type of 
valve combinations, the measurement of pH would not have emerged from 
the laboratory to spread to almost every industry. 

Looking back over forty years’ experience in the use of scientific instru- 
ments, many of those years being spent in their manufacture and development, 
I am much impressed with the steadily growing demands for higher accuracy. 
The development of the high-speed steam engine, and later the motor car, 
brought about an insistent demand for accurate tools and gauges. This in 


12 E. G. James, G. R. Polgreen and G. W. Warren, ‘ Instruments incorporating Thermionic 
Valves, and their Characteristics,’ Proc. I.E.E., 85, No. 512 (1939). 
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its turn necessitated better design in the tools and more accurate measuring 
instruments. The manufacture of interchangeable components in large 
quantities has still further increased the demand for accuracy. The intro- 
duction of the new alloy steels with the special technique required in their heat 
treatment created a demand for precision thermometry. 

The attitude of the manufacturer towards the scientific instrument has 
completely altered. He was once sceptical as to its usefulness ; he is rarely 
so nowadays. In the majority of large works the general control over the 
instruments is now in the hands of a technically trained man, and that in 
itself relieves the instrument maker of much anxiety. Another fact that 
impresses one is the great difference between the methods of manufacture 
during the same period. Forty or fifty years ago instruments were made in 
small batches, often by individual workmen. In London they were frequently 
made for some well-known firm by small chamber men who put the name of 
that firm upon them. As a result of this procedure the so-called manufacturer 
very often had not an adequate knowledge of his products : this practice has 
almost entirely disappeared, to the benefit of customer and maker. 

The increased demand for instruments has led to manufacture in the 
modern sense of the word. An instrument is carefully designed in the drawing 
office in consultation with the technical expert. The methods by which the 
instrument is to be made are considered. If the quantities are large, and if 
a preliminary model has been approved, then the possibility of the use of die 
castings, hot pressings or plastic mouldings must be considered,®™ and the 
importance of interchangeability of components emphasised. 

In preparing the design of an instrument it must never be forgotten that 
a good design helps production. It always pays to spend time in the drawing 
office rather than in the workshop. The application of geometric design, the 
early exponents of which were Maxwell and Horace Darwin, often reduces 
the cost of manufacture and makes a better instrument. I think that the 
experimentalist, in making up his own instrument, should consider whether 
he can obtain the same result by a simply designed geometric piece of apparatus, 
rather than the more elaborate design to which he may be attracted. 

The demand for instruments is ever growing. As new problems arise, 
both in science and industry, the requirements become more stringent. The 
instrument maker constantly receives incentives to progress from the scientific 
worker to whom he owes not only suggestions but many of his new materials. 
It is, I suppose, a truism that if knowledge is to progress it is essential that 
theory and practice advance together. Nowhere is this more true than in the 
development of scientific instruments. 


13 One of the most striking changes in the technique of instrument design has resulted 
from the use of plastics. Mouldings are so convenient that in some cases where comparatively 
few instruments are required annually, the cost of the tool is justified by the time saved in the 
avoidance of intricate machining operations on insulating materials. 
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SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCES 
COMMUNICATIONS 


Dr. V. K. Zworykin.—Electron optics and television. 

With the advent of electronic television, freeing both transmitter and receiver 
from the necessity of rapidly moving machinery, many of the design problems have 
been shifted from the field of light optics to that of electron optics. The differences 
in the properties of light and electrons and their refracting fields are in large measure 
responsible for the superiority of the electronic systems. 

Electron optics not only plays an essential rdle in the construction of the most 
generally used types of pick-up and viewing tubes, represented by the iconoscope 
and the kinescope, but also in that of the several modifications of the iconoscope, 
sharing with it the utilisation of the storage principle. These are exemplified by the 
two-sided iconoscope, the image iconoscope and the low-velocity iconoscope. The 
latter appears particularly promising, combining a great increase in operating 
efficiency with elimination of the normal spurious signal. Added improvement in 
the signal-to-noise ratio of the received picture can be obtained by adapting a 
secondary emission multiplier for use with the iconoscope. 

An important contribution, in turn, of television technique to a branch of electron 
optics, electron microscopy, is the scanning microscope. ‘This may be regarded as a 
conventional electronic television system in which both the scanning amplitude and 
spot size in the pick-up tube are greatly reduced, the mosaic being replaced by the 
object studied. 

* * * 
Mr. A. B. Howe.—The development of television outside-broadcasts. 

A broadcast television service, such as is provided from the London Television 
Station at Alexandra Palace, greatly increases its public appeal by the frequent 
transmission of outside broadcasts. Examples are the Coronation procession, 
football matches, boxing contests and performances from theatres. 

As these events usually take place at considerable distances from the television 
studios, means have to be found of linking the mobile television control room, used 
for outside broadcasts and known as the ‘ scanning van,’ with Alexandra Palace. 
Three methods are at present used for this purpose. 

(1) Radio link.—This method employs a second van, accompanying the scanning 
van, and containing an ultra-short wave ratio transmitter. The vision signals from 
this mobile transmitter are received at a point near Alexandra Palace and re-radiated 
from the main vision transmitter. 

(2) Cable link.—This employs a specially constructed, balanced, low capacity, 
underground cable which runs from a number of points in central London, via 
Broadcasting House, to Alexandra Palace. 

(3) Combined balanced cable and telephone circuits —This provides an increase in the 
scope of the balanced cable link by extending it by lengths up to two or three miles of 
underground telephone cable, such as is used for outside broadcasts of sound only. 


* * * 


Discussion on Artificial radioactivity and its applications. 
Dr. J. Lawrence.—Some biological and medical investigations with neutrons 
and radio-active substances. 
Dr. W. B. Lewis.—The production and properties of radio-elements. 
Almost every chemical element can now be obtained in one or more radioactive 
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forms. Many of these have lifetimes which are convenient for experiments. 
Some may be used as substitutes for radium for therapeutic purposes, many 
more are useful to the chemist, biologist and metallurgist as marked atoms which 
may be followed through chemical changes, biological processes and metallurgical 
operations such as alloying and heat treatment. These radioactive substances 
are isotopes of the ordinary stable elements and pass through all chemical and other 
changes just like the normal stable atoms. Their identity is only revealed at the 
moment of their decay. 

By means of the largest cyclotrons some of these radioactive substances are 
obtainable in quantities comparable with our supplies of radium, others are only 
obtainable in much smaller amount. Many are prepared through the intermediate 
production of strong sources of neutrons which may also be provided by high-voltage 
disintegration apparatus. 

A discussion, which may be of value to users, is given of the production and 
properties of selected examples such as bismuth, iron, bromine, phosphorus, sulphur, 
sodium, carbon and beryllium. ‘Tables and diagrams are shown which indicate the 
properties of most of the known radioactive isotopes. 


Dr. L. H. Gray and Dr. J. Read.—A neutron generator for biological re- 
search. 


Homogeneous neutrons of about 2-4 MEV. energy, unaccompanied by y-radia- 
tion, may conveniently be generated in intensities which are adequate for chemical 
or biological research by means of the D-D reaction. The high voltage generator 
consists of a 200 kV. transformer, condensers, and continuously-evacuated rectifying 
valves arranged in the Cockroft circuit to give a few milliamps. at 400 kV. constant 
potential. A low-voltage arc supplies the deuterium ions which are accelerated 
down a two-section ion tube to the target, which is at earth potential. The target 
consists of a copper plate on to which is evaporated a film of ‘ heavy wax’ a little 
thicker than the range of the deuterons. By a special design of water cooling, 
giving a very rapid tangential flow of water along the underside of the copper plate, 
the wax target is maintained well below its melting point. Owing to the intense 
deuteron bombardment, the wax becomes decomposed and the efficiency of neutron 
production falls to about 50 per cent. in the course of a month. By proper adjust- 
ment of voltages on three electrostatic lenses the ions may be focused at the target 
to a disc of any desired size. The material to be irradiated may be brought to 
within 1 cm. of the target. The total neutron output was measured under normal 
working conditions (300 kV. and 600 vA), with an ‘aged’ target, by the rhodium 
method, as 6.10® neutrons/sec., or approximately the equivalent of 25 Curies of 
*Rn-Be’ mixture. The voltage has subsequently been increased to 400 kV., and 
ion currents of | mA. are certainly attainable by this method. At 400 kV. and 1 mA. 
the output would be about 2. 10° neutrons/sec. 


* * 


Discussion on Problems of high-speed flight. 
Dr. G. P. Douglas.—Future developments in high-speed flight. 


An analysis is given of present attainments, and the possibilities in the immediate 
and more distant future are considered. 

Passage through the air at very high speeds implies very high drag, and the 
practical limits of high speed flight depend on how far this can be kept down. The 
efficient production of thrust to overcome the drag at these high speeds presents 
new problems, and there is a limit above which the conventional airscrew cannot 
be efficient. For moderately high speeds the engine installation and airscrew must 
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be carefully designed. A brief review is made of the reliability and adequacy of 
our present experimental information. 


Dr. A. Busemann.—Effect of compressibility on thin slightly cambered 

aerofoils at sub-sonic speeds. 

Flow at sub-sonic velocities in compressible fluids is usually calculated by 
developing in terms of Mach’s number (the ratio of the velocity to that of sound) 
the variation of the potential function from that appropriate to potential flow, as 
in the work of Rayleigh and Jansen. The first approximations then hold for any 
profile and angle of incidence, but only for small values of M. A large number of 
steps is needed if the result is required for thin profiles and correspondingly high 
values of M. In this case a step-by-step method of approximation, based on that 
of Prandtl and Glauert, for thin aerofoils at small angles of incidence is more suitable, 
and is valid for all values of M below the critical value. In this method the stream 
function is expanded in terms of a parameter d, which expresses the departure of 
the form of the aerofoil in thickness, camber and angle of incidence from the basic 
form at zero incidence. ‘The differential equation permits the calculation in 
terms of d of the individual coefficients, which are functions of position and of M. 
The first two terms of the approximation form the Prandtl-Glauert approximation, 
the first representing undisturbed parallel flow. The third term extends the validity 
of the approximation to somewhat thicker aerofoils. For several forms, the lift and 
velocity increment increase more rapidly with M than is shown by the Prandtl- 
Glauert theory. 


Dr. J. W. MacColl.—Some theoretical aspects of high-speed flow. 

Supersonic flow past a body is found to differ in a marked manner from flow at 
speeds below the normal speed of sound. This change in the motion is associated 
with a change in the form of the governing differential equations. In regions of 
supersonic flow shock waves are very liable to occur. Although the properties of 
these waves are well understood, theory is not yet sufficiently well developed for 
their exact position to be predicted except in a few special problems. The simplest 
of these is the flow past a wedge at a sufficiently high speed. Under this condition 
the head resistance of a finite wedge can be calculated exactly. At lower speeds 
the motion past a wedge is much more complicated, but consideration of the flow 
near the solid boundary indicates that the general features of the motion can be 
readily understood. This is mainly due to the conditions at the shoulder of the 
wedge being constant over a wide range of velocities. Since the flow past a finite 
cone is similar in many respects to that past a finite wedge, photographs of pro- 
jectiles in flight can be used to distinguish between the different régimes into which 
the complete range of velocities can be divided. 


Mr. C. N. H. Lock.—Problems of high-speed flight as affected by compressi- 

bility. 

Extra wastage of power begins to occur on parts of an aeroplane when the local 
velocity of sound is first exceeded, and is associated with the formation of ‘ local 
shock waves,’ of which the nature and origin are discussed. 

These effects have been investigated in the 1-ft. high-speed wind tunnel at the 
National Physical Laboratory, in which an electric balance measures the forces on 
aerofoils of 2-in. chord and other shapes at speeds up to 0-9 of the velocity of sound. 
The drag is also determined from loss of momentum by exploring the aerofoil wake. 

A second high-speed tunnel under construction is of rectangular section and has 
glass windows in the sides, intended for the photography of shock waves. Aerofoils 
of 4-in. chord will be ‘ pressure-plotted ’ and the flow near the shock waves measured 
in greater detail. 
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Among results recently obtained are the distribution of drag losses on two 
aerofoils similar to the blade roots of variable pitch airscrews, from which the effect 
of fairing the blade roots has been calculated for aeroplane speeds up to 550 m.p.h. 


* * * 


Discussion on High-temperature physics. 
Prof. Max Born, F.R.S.—A new theory of fusion based on lattice dynamics. 


Melting is the breakdown of rigidity of a crystal lattice. This natural definition, 
which is also used by Brillouin in a paper recently published, can be worked out 
for cubic lattices by calculating the free energy A as function of temperature T, 
arbitrary lattice constant a, and 6 strain components x,, xy, . . . (Voigt’s notation), 
which can be considered as small. The linear terms of A in x,, x,, . . . give the 
equation of state, p =f (a, T), the quadratic terms the elasticity constants ¢4,, C19, C44 
also as functions of a and T. The melting curve is the result of eliminating a from 
p=f (a, T) and cy (a, T) =0. But as there is another stability condition, 
C1, — Cy, > 0, there is the possibility of a transition in a ‘ gel ’-like state before 
melting proper ; this seems to happen in the case of the alkali metals. The 
calculation can be performed for the cubic crystals of the three Bravais types, 
assuming central forces. The result is, as expected, a decrease of ¢,, with increasing 
T, resulting in melting (cy = 0). For = 0 one gets Lindemann’s formula with 
a definite constant ; for increasing / one obtains a melting curve of the right shape. 
The method will lead to an improvement of the theory of breaking strength. This 
problem and the application to metals is worked out by the author’s collaborators. 


Dr. Ezer Griffiths, F.R.S.—Recent advances in high-temperature technique. 


A review of thermal measurements at high temperatures with particular reference 
to the steel-making industry. 

Methods have been devised for the determination of the physical constants of 
steels up to temperatures of about 1,000° C., also of the thermal conductivities of 
refractories and insulating materials. 


Dr. W. H. Hatfield, F.R.S.—Modern steel metallurgy (illustrated by a film). 


The paper deals with the manner in which the weight and quality of the ingot 
required determines the type of process to be employed, and also emphasises the 
limitation of process available when extremely large masses of steel are being 
produced. The essential features are brought out in a colour film illustrating the 
high frequency and arc electric methods of steel making, and also the acid open- 
hearth process ; the application of the latter to the production of an ingot weighing 
180 tons is shown in the film. 

The paper then proceeds to consider the mechanism of freezing of the steel, and 
the implications arising from the effect of differential freezing. The manner in 
which the design of the mould and of the superimposed feeder head can overcome 
some of the disabilities arising from the process of freezing is brought out by 
illustration, and it is shown that with small sizes of ingots, advances in ingot 
technology have now resulted in the possibility of a very high standard of homogeneity. 

Stress is laid on the difficulties in the way of a quantitative control of the physical 
chemistry governing the relations between the liquid steel and the superimposed 
liquid slags, and an account is given of recent developments in the way of temperature 
control and of the determination of the oxygen content of steel. 

Particular attention is given to the problem of reducing the amount of non- 
metallic included matter in the steel to a minimum, and to the effect of such inclusions 
upon the characteristics of the steel, notably with reference to the finished product. 
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Mr. W. J. Todd.—High-temperature measurement in steel works. 


The characteristics of various instruments available for the determination of 
liquid steel temperatures at different stages of manufacture are considered. 

Since the disappearing filament optical pyrometer has certain practical advantages 
over other types, its use (including the determination of the temperature of molten 
steel in the furnace by the spoon sample method) is described, and the various 
uncertainties arising from practical conditions are indicated. 

Reference is made to tests with the colour-temperature optical pyrometer, 
showing that, while for certain steels the emissivity factor may be corrected to a 
large extent, errors in the determination of true temperature by this method still 
exist due to variation of emissivity, especially in the case of highly alloyed steels. 

The use of thermocouples on the quick-immersion principle is advocated in 
conjunction with the disappearing filament optical pyrometer as a means of obtaining 
the emissivity factor, which may well prove to be an important index of the 
operating conditions in the steel-making process. 


Dr. R. W. Powell.—Measurements of thermal conductivity and electrical 
resistivity at high temperatures. 


Brief descriptions are given of longitudinal and radial heat-flow methods which 
have been used for determining the thermal conductivities of iron and steels up to 
1,000° C. and of determinations to 2,000° C. on carbon and graphite by a method 
based on observations of the temperature difference between the axis and surface 
of an electrically heated rod. The experimental results are discussed in relation to 
existing data for the thermal and electrical conductivities of other conductors, and 
in general it is shown that departures from the Wiedemann-Franz-Lorenz law tend 
to diminish at high temperatures. 


Mr. J. H. Awbery.—Heat capacity of iron and carbon steels. 


The heat capacity of iron and certain steels has been measured by an electrical 
adiabatic method up to nearly 1,000° C. Pure iron shows a large increase of specific 
heat associated with the magnetic point just above 750° C. ; the effect, though reach- 
ing a maximum at a precisely defined temperature, nevertheless influences the course 
of the specific heat curve over a very wide range, apparently indeed down to room 
temperature. Up to the magnetic point, and even beyond it, the shape of the curve 
is similar to that obtained by earlier experimenters, but at about 900° C. where the 
lattice changes from body-centred to face-centred, it is found that the specific heat 
increases steeply before the actual transformation temperature is reached. The 
latent heat associated with the transformation is found to be 3-9 cals. per gm. 

In low carbon steels, the importance of the alpha-gamma transformation is 
relatively less than in pure iron, but the increase in specific heat at the magnetic point 
(which, like the alpha-gamma transformation, occurs at a lower teraperature than in 
pure iron) is much more marked. As the carbon content increases, only one peak, 
at about 720° C., can be identified. In some carbon steels there is a definite latent 
heat at this point, the steel absorbing heat at the arrest point, without any rise in 
temperature. 


Prof. J. Satterly.—Errors in high-temperature measurement. 


The precautions which should be taught to students in connection with the 
measurement of temperature by resistance thermometers, thermo-elements, pyro- 
meters or mercury thermometers are discussed, together with the means of studying 
the laws of radiation. 
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DEPARTMENT OF MATHEMATICS (A*) 


Prof. H. W. Turnbull, F.R.S.—Matrix theory in its geometrical aspect. 

Geometry and algebra react upon each other to their mutual advantage. Historic 
development through Descartes, Hamilton and Cayley. Familiar geometrical 
properties in matrix notation, and generalisations suggested thereby—to higher 
dimensions, or from real to complex figures. Geometrical linear transformations 
and reciprocations. Examples where geometry throws light on algebra, or algebra 
on geometry, taken from continuous or finite groups, orthogonal matrices, hereditary 
matrices and integral roots of the unit matrix. 


* * * 


Dr. A. C. Aitken, F.R.S.—Irreducible homeomorphs in the linear group. 

Description of the representation of groups by matrices, with examples from 
simple finite groups. The history of transformations homceomorphic to the linear 
transformation. The construction of irreducible homceomorphic matrices. Their 
relation to general matrix theory, to the symmetric group, to Young’s substitutional 
analysis and to combinatory analysis. Applications to the invariant theory of 
quantics. 

* * * 

Discussion on The teaching of mechanics. 

Prof. E. A. Milne, M.B.E., F.R.S.—Introductory survey. 


The study of mechanics and the solution of problems in mechanics are an intrinsic 
part of the subject of mathematics as taught in British schools and universities ; the 
subject is associated with such names as those of Routh, Lamb, Loney, Love. It is 
perhaps a peculiarly British tradition, well worth preserving as a discipline of the 
first order, comparable with Latin and Euclidean geometry ; many examination 
candidates, even perhaps theoretical physicists of distinction, can write learnedly 
on atomic physics, and yet find the greatest difficulty in solving dynamical problems 
requiring a firm grasp of principle together with facility in applying it. The present 
logical unsatisfactoriness of quantum mechanics in certain aspects may be due to 
want of interest in the foundations of mechanics amongst its exponents. 

Three stages may be discerned in the study of mechanics, namely, (a) at school ; 
(6) by undergraduates ; (c) by researchers. In (a), the Newtonian laws, supple- 
mented by such principles as that of the transmissibility of force, may be taken as experi- 
mental dogmas ; in (6), they should be derived from ideal experiments, from which 
the notion of mass is isolated through the adoption of Newton’s Third Law as an 
axiom, following Mach ; in (c), the tacit assumptions of the existence of rigid bodies 
and the ‘ uniform flow ’ of time should be subjected to criticism. ‘Throughout, an 
attempt should be made to teach mechanics in terms of vectors directly ; the powers 
of vector analysis in this field have been much developed in recent years by 
S. Chapman and his followers, and yield beauties and economies of thought un- 
dreamed of by the older writers. 


Dr. G. P. Tarrant.—Mechanics in the Scottish school. 


Tribute is paid to the width of Scottish secondary education and to its wide 
incidence. 

Reasons for the low standard and narrow cultural attainment of science in Scottish 
schools are discussed and are followed by proposals for remedying such a state of 
affairs. 

The suggestion is made that in the final school examination, science subjects, 
physics, chemistry, and biology, should rank as more than half subjects and should 
be equivalent to any other full subject such as geography or a language. 
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Then are considered methods of awakening a livelier interest in mechanics 
and in giving the subject a wider cultural value through the introduction of examples 
bearing on practical life, such as the mechanics of athletics and of structural 
engineering. 

Demonstration of illustrative models. 


Mr. K. S. Snell.—Mechanics in the secondary school. 


There are two stages: (i) the introduction of the subject to all; (ii) a more 
advanced course for science or mathematical specialists. (i) This should be part of 
the mathematical course for all. It provides practical application of mathematics, 
and the pupil needs to draw more on his experience than on experiment, especially 
in kinematics. The object is to make the important concepts of mechanics, such as 
acceleration, force, energy, momentum, almost as real to the pupil as things he can 
touch and see. (ii) The more advanced course is for the specialist. ‘The systema- 
tisation of familiar ideas is of basic importance in the growth of a subject and in the 
education of an adolescent. A boy should be trained to see how a science can be 
developed mathematically from fundamental assumptions, and how the hypothesis 
can be verified by an experimental demonstration of the results obtained. The 
history of dynamics is particularly illuminating in showing the part which mathe- 
matics plays in the development of a science. 

An attempted course along these lines is briefly described. 


Prof. R. Peierls—Mechanics in the University. 


Mechanics, the oldest and best-developed branch of applied mathematics, can 
be of true instructional value only if in the teaching proper use is made both of 
general principles and of special examples. The greatest danger of present teaching 
practice seems to be an exaggerated weight given to special examples without making 
the student see them as special cases of important general principles which would 
enable him to deal with different cases which he has not actually met. On the other 
hand a tendency to introduce too many abstract theorems without sufficient 
illustration would be equally dangerous. 

In many cases, the time taken up by mechanics in the course of applied mathe- 
matics is out of proportion to its importance, and insufficient time is left for other 
branches of applied mathematics, such as elasticity, hydrodynamics, electricity and 
optics. Mechanics is certainly a much easier subject than the others and therefore 
deserves more prominence, but, just on account of the extreme simplicity of the 
principles on which it is based, it does not lend itself to the natural application of 
some general methods, such as dimensional arguments and asymptotic solutions of 
problems, which are of great instructional value. 


DEPARTMENT OF COSMICAL PHYSICS (Af) 


Discussion on Surface temperatures of stars. 
Prof. W. M. H. Greaves.—General survey. 


Prof. R. W. Ditchburn.—Laboratory experiments on continuous absorption 
of light. 
1. The two experimental methods are described : 
(2) Direct measurement of absorption of atomic vapour. 
(6) Measurement of number of photo-electrons produced per unit intensity of 
radiation as a function of frequency. 
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2. Results. 
(1) It is shown that where (a) and (6) overlap, results are in agreement. 
(2) Detailed results are given for absorption of Cs vapour. Less detailed for 
other alkalis. Some mention of H, He, and other rare gases. 
(3) Shown that observed absorption for Cs is atomic. 
(4) Shape of the Cs absorption curve discussed. 
(5) Effect of foreign gases on Cs absorption shown and discussed. 


3. It is concluded : 

(1) That the theory of continuous spectra of atoms is not in a satisfactory state 
to justify extrapolation to stellar conditions (possible exception of H). 

(2) That continuous absorption is not a simple function of number of absorbing 
atoms present, but is affected by total pressure, temperature and probable 
state of ionisation of the mass of material. ‘The atomic absorption coefficient 
is not a constant. 


Dr. H. R. Hulme.—General physical theory. 

The solution of the problems connected with the outer layers of a star depend to 
a great extent on a knowledge of the absorption coefficient and its variation with 
temperature and wave-length. At the temperatures under consideration the absorp- 
tion arises almost entirely from photo-electric ejection of electrons by the light, 
which is re-emitted on subsequent recombination. Until recently only neutral 
atoms were considered as contributing to the general absorption (as distinct from 
line absorption), and the Quantum Theory enables us to calculate the contribution 
of the hydrogen atoms in various states of excitation. The absorption of the metallic 
atoms, of smaller ionisation energy, is not so well known, but is certainly greater than 
that of the neutral hydrogen, even on the assumption that the metals only constitute 
asmall fraction of the total mass. Both these processes yield absorption coefficients 
which increase considerably as we go towards the ultra-violet, contrary to the results 
of observation. The solution of this dilemma may be sought in the absorption of 
negative hydrogen ions, which have an absorption coefficient with a flat maximum in 
the region of importance. 


Dr. D. Chalonge.—Astrophysical observations. 

The distribution of intensity, between 4,600 and 3,100 A, in the continuous spec- 
trum of more than 200 stars was investigated by using an objective prism camera 
fitted with quartz optical parts. The stellar spectra were compared to the continuous 
molecular spectrum of hydrogen given by a distant discharge tube acting as an 
artificial star. ‘The spectrum emitted by the discharge tube was carefully compared 
to the standard lamps used in similar researches by Kienle. ‘The curves obtained by 
plotting the measured values of log-intensity against 1/4 consist, for B, A, F types of 
stars, of two portions of straight lines (4,600 to 3,900 and 3,700 to 3,100 A) 
separated, in the neighbourhood of 3,700 A, by a jump of intensity. 

The colour temperatures T,, T, corresponding respectively to these two parts of 
the energy curve, the value D of the intensity jump and its wave-length 4) were 
measured. 

(1) The values of T, obtained for stars of different types are in good agree- 
ment with the Géttingen determinations. The mean value of six independent 
determinations of T, for normal AO stars is 17,000°. 

(2) The measurement of D and 2, for a given star allows a full determination 
of the spectral type and the absolute magnitude. 


Dr. R. v. d. R. Woolley.—Astrophysical theory. 


The mathematical theory of the radiative equilibrium of the outer layers of a star 
(the sun in particular) shows that certain observable properties (the connection 
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between effective temperature and colour temperature, and the darkening to the 
limb in various wave-lengths) depend upon the type of equilibrium present, upon 
the presence of scattering as distinct from absorption, and upon the coefficient of 
absorption as a function of the wave-length. Little progress has been made with 
the theory since Milne’s classical work (Phil. Trans. R.S., 223, 201, 1922), but the 
observational data obtained since then may be reconciled with his conclusion that 
the absorption is independent of the wave-length, in the sun. It has not been 
found possible to produce a satisfactory physical basis for this empirical fact. The 
presence of convection has been suggested by Unsdld and Plaskett, but the theory 
of this has not been advanced to a definitive conclusion. 


* * * 


Discussion on Solar and terrestrial relationships. 
Dr. E. V. Appleton, F.R.S.—General survey: radio effects. 


The sun radiates energy to the earth in the form of both waves and particles. 
But that part of the wave energy which reaches us at ground level as light and heat, 
and which remains so constant in intensity from day to day, gives no hint of the 
remarkable variations which take place in the radiations of other types which fail 
to reach the ground because they are absorbed in their passage through the upper 
atmosphere. The topmost atmospheric layers constitute, in fact, a solar laboratory 
in which we are able to study daily the electrical and optical consequences of this 
absorption. Because of its inaccessibility, events in this laboratory have to be observed 
mainly by indirect methods such as radio wave sounding, though recently, strato- 
spheric exploration has permitted observations on the ozone layer at 25 km. above 
ground level to be made zn situ. 

The electrical state of the ionosphere, the atmospheric region which extends 
from 60 to 70 km. upwards, is the terrestrial index most responsive to abnormal 
events on the sun. Certain disturbances, known as ionospheric irruptions, are noted 
to occur there simultaneously with the development of bright solar flares on the sun’s 
surface, while less localised disturbances, known as ionospheric storms, appear to 
follow a day or two after certain alterations in the appearance of the solar disc. In 
the former case we presume the abnormal solar emission of electromagnetic radia- 
tion, while in the latter case the emission of more slowly moving material particles 
appears indicated. Bursts of both aetherial and particle radiation from the sun 
are most frequent and severe when the maximum of the sunspot cycle is reached, 
while the general emission of ultra-violet light by the sun’s disc as a whole has recently 
been shown to vary directly by 150 to 160 per cent. during the same cycle. 


Mr. H. W. Newton.—Solar phenomena and terrestrial magnetism. 


The observational evidence of the relationship known to exist between localised 
solar activity (sunspots in particular) and terrestrial magnetic storms is briefly 
summarised. Some anomalies and limitations in the relationship are restated. 
Spectroscopic data suggesting a discrimination of special activity associated with 
sunspots and with magnetic disturbance are reviewed. Another relationship has 
recently been demonstrated involving bright eruptions in the sun’s chromosphere 
and simultaneous disturbances in the ionosphere (the speed of solar radiation being 
a common factor in the observation). For obtaining fresh solar data, the use of the 
spectrohelioscope devised by the late Dr. G. E. Hale has been chiefly responsible. 


Dr. A. D. Thackeray.—Solar phenomena. 

Observations of the sun’s surface in (a) integrated light or (b) in specific wave- 
lengths with the spectroheliograph or spectrohelioscope yield knowledge of condi- 
tions existing in the different levels of the solar atmosphere. Cinematography has 
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recently revealed peculiarities in the motions of prominences. Solar eruptions, 
found to be commonly associated with radio fade-outs, are visible as intense brighten- 
ings in the lines of certain elements, notably hydrogen and ionised calcium ; the 
increase in Ha radiation during an eruption amounts to only a fraction of | per cent. 
of the total Ha radiation from the sun. The primary source of the disturbances 
affecting the terrestrial ionosphere is not yet known, but many phenomena can be 
explained on the assumption of a sudden increase in the intensity of unobservable 
ultra-violet radiation emerging from localised areas on the solar surface. 


Prof. L. Vegard.—Auroral phenomena and the physics of the upper atmo- 

sphere. 

The paper deals with recent observations and interpretations of bands and lines 
appearing in the auroral spectrum, and gives results regarding its numerous changes 
of intensity distribution and the physical process in the upper atmosphere which 
may possibly account for the observed effects. 

The wave-length of the strong green and the strong red line have been measured 
with high precision and found to coincide with OI lines, and a number of weak lines 
have been measured and interpreted as due to atomic oxygen or nitrogen in the 
neutral or ionised state. Some ten of these lines coincide with nebular lines resulting 
from forbidden electronic transitions. 

Temperature measurements by means of auroral bands gave an average tempera- 
ture of — 44°C. Measurements from bands corresponding to the upper limit of 
auroral streamers gave no indications of any increase of temperature with increasing 
altitude, a result which is in agreement with observations by means of interferometer 
fringes from the strong atomic lines. 

The new results regarding the auroral spectrum, its variations and the tempera- 
ture of the upper atmosphere derived from it support the theory of the upper 
atmosphere proposed by the writer in 1923, according to which the extreme upper 
atmosphere takes the form of a kind of terrestrial corona, produced mainly by the 
action of a radiation from the sun of the X-ray type. 

On this theory we should expect on the day side at least three ionisation maxima 
in the upper atmosphere. 

The high-speed photo-electrons from the solar X-rays is responsible for the upper 
maximum, which surrounds the whole earth (F,-layer). 

The solar X-rays will form a second maximum lower down where the absorption 
per unit length of path is a maximum (E-layer). 

A third maximum of ionisation is formed by the ultra-violet part of the thermal 
solar radiation. Within a large wave-length interval in the region between light and 
X-rays, the absorption coefficient is a minimum and all rays within this interval will 
produce an ionisation maximum at about the same height, which may be estimated 
to about 200 km. This maximum should account for the F,-layer. 

A large number of irregularities in the ionospheric layers, which accompany 
aurora and magnetic disturbances, may also be accounted for, when we take into 
account the effect produced by the incoming electric rays on the state of the upper 
atmosphere. 


Prof. W. M. H. Greaves.—The 27-day recurrence tendency of magnetic storms. 


Prof. F. J. M. Stratton, O.B.E.—General summary. 
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FILM REACTIONS AS A NEW APPROACH 
TO BIOLOGY 


ADDRESS TO SECTION B.—CHEMISTRY 


By Pror. ERIC K. RIDEAL, M.B.E., F.R.S. 


PRESIDENT OF THE SECTION. 


Towarps the end of the last century the biologist and physiologist were agreed 
that the biological entity was the whole living unit. This century has seen an 
attack on biological problems by the physical and organic chemist. The 
study of the living unit has been dropped and in its place we find investigations 
on specialised processes such as oxidation and reduction or catalytic reactions. 
It is an unfortunate fact, as the late Sir William Hardy clearly pointed out, 
that in this method of approach the mechanism of the co-ordination or the 
integration of the activities of an assemblage of cells must remain insoluble. 
It is this very point which I think deserves some consideration. We know for 
example that at death the catalysts escape from control since the molecular 
structure of the moving parts gets disorganised. Again, Loeb showed that 
unfertilised sea urchin’s eggs could be made to develop by immersion in salt 
solutions of sufficient concentration. In development a whole series of com- 
plicated chemical reactions are set in operation and it is clear that in the 
quiescent unfertilised egg all the chemical ingredients for the reactions are 
present but await some change in organisation before reaction sets in. We 
must conclude that the mechanism of integration is at any rate dependent on 
a pre-existing organisation of at least the major operative portions of the 
assemblage of cells. This raises a number of important problems such as, 
what types of organisation are to be found in living material; how far 
control over chemical reactions can be effected by modification of the 
type or extent of such organisation, and finally how far different types of 
organisation can modify such important factors as the chemical or physical 
state of a material or chemical equilibria in reacting systems, and lastly 
what new properties or reactions make their appearance as a direct result of 
organisation. 

Whilst it has been frequently stated that one of the chief characteristics 
of living matter is that it contains a relatively large proportion of matter in 
what we designate the colloidal state, a closer analysis indicates that in fact 
the colloidal properties of living matter are due to the fact that an exceptionally 
large fraction both of material and of energy is present in films, membranes, 
fibres, fine capillaries and the like. It thus seems pertinent to inquire a little 
into the properties of surfaces of separation between bulk phases or of matter 
in the boundary state. These surfaces of separation can be considered as a 
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new phase—the interphase—and for our discussion we must examine this 
phase and find in what respect it differs from the enclosing bulk phases. 

Whilst we must pay attention to the static properties such as composition, 
form and orientation we must not forget that it is the dynamic properties 
of ingress and egress, of flow and chemical action in and with the two-dimen- 
sional contents of the phase that we are particularly interested in, but any 
integrating features of the former are of great importance if it can be shown 
that they produce effects in the dynamics of the system which are not to be 
found in non-structural liquid or vaporous phases. 

We already know that the composition of the interphase differs from that 
of either of the bulk phases in contact with it and the general principles govern- 
ing relationship between its composition and its three-dimensional partners 
were clearly enumerated by Willard Gibbs and Sir J. J. Thomson. Equally 
important are the considerations of Sir William Hardy and Irving Langmuir, 
who showed that in many cases when dealing with an interphase we were 
actually examining a monolayer—a hypothesis suggested by Lord Rayleigh. 
Finally we know the molecules contained in the monolayer are orientated 
with respect to one another and to the piane of the interphase. I need not 
enlarge at this point on the structure and different physical states as well as the 
effects of variation of the external variables on the equilibria of the phases of 
monolayers of simple molecules such as derivatives of both paraffinic and cyclic 
hydrocarbons, since these have been exhaustively examined during the last 
twenty years, but monolayers both of macromolecules as well as those composed 
of binary and components of a higher order possess a number of interesting 
and somewhat unexpected properties. 

We find, for example, that macromolecules such as the methylated or 
acetylated starches and celluloses or the native proteins can be spread as mono- 
layers. ‘The chains are extended at the interface and in general the non-polar 
side chains penetrate into one (the non-polar) and the polar side chains into 
the other (the aqueous) phase. This separation of the side chains by the 
solvent action of the homogeneous phases can only be effected by suitable 
partial rotation along the chain involving the usual cis-trans motion. ‘Thus no 
single protein chain can acquire along its entire length either the « or 8 keratin 
configuration unless the side chains alternate in polarity in suitable fashion. 
Monolayers of both the proteins and of the derivatives of starches and cellu- 
loses when suitably compressed acquire rigidity and interesting elastic pro- 
perties ; we are forming in fact a two-dimensional gel, the prototype of a mem- 
brane. We shall return to some of the reactions which are observed with such 
monolayers, but may observe in passing that these macromolecules in a mono- 
layer are in part crossing one another by the accident of distribution, in part 
associate with one another through three separate factors : (a) the non-polar 
side chains forming a hydrophobic surface to a triplex sheet ; (5) association 
through the —CO—NH linkages in the chains ; (c) association between some 
of the polar heads in the substrate. It appears that at extremely great surface 
dilutions of many proteins actual molecular separation occurs and we are thus 
presented with a simple method of determining the molecular weight from the 
relation FA = RT of these complex bodies. 

We have referred to the fact that molecules in a monolayer are orientated 
relative to one another and to the substrate and that this orientation can be 
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altered by extension or compression. If the molecules in the monolayer 
undergo reaction with a reactant dissolved in the substrate the rate of reaction 
may be modified by the change in molecular orientation of the former. This 
is equivalent to a control of the steric factor and determining the path of 
approach of a reacting molecule or ion to the reactive portion of the other 
reactant. In this way both the reaction velocity and the height of the energy 
barrier or apparent energy of activation may be altered. 

In the following tables and graph are given three different examples of 
such a variation in reaction effected by change in compression of a mono- 
layer. 


Oxidation of Erucic and Brassidic acids by 0-005 per cent. KMnO, andn/100 H,SO,. 


22 
Oxidation of Erucic and Brassidic 
20} | acids. 
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16+ 
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Hydrolysis of Trilaurin on n/5 NaOH. T = 20°. 


F dynes/cm. E cals./gm. mol. 
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Atiack on Lecithin monolayers by 0-001 per cent. black tiger snake venom 
at 20° and pu 7-2. 


No. of lecithin molecules Half life in 
per sq. cm. X 107%. minutes. 


It is interesting to observe that these film reactions can be carried out with 
minute concentrations of strongly adsorbed reactants. Thus in the case of the 
attack of lecithin by snake venom to form lysolecithin a half life of about one 
hour is obtained with a concentration of venom as low as 2:5 x 10-* per cent. 
When cobra venom is examined by this method it is found that only in extreme 
dilutions does any reaction occur. This inhibition at higher concentrations 
is due to proteins present in the cobra venom which are absorbed in preference 
to the enzyme by the lecithin monolayer. Egg albumin, although not so 
effective when added to black tiger venom, will produce a similar result. In 
addition to lecithinase present in snake venoms, other enzymes have been 
studied and amongst them crystalline trypsin and crystalline pepsin which 
rapidly digest monolayers of caseinogen, the former at pu 8 and the latter at 
pu 2. When the purified and crystalline enzyme preparations are employed, 
these enzyme actions on the protein monolayers behave exactly as in bulk 
phase, although the protein has undergone a process akin to denaturation. 
With unpurified proteolytic ferments, on the other hand, fatty acid protein 
complexes are invariably present which give rise to other phenomena. 

In the reactions which we have discussed the chemical processes involved 
do not differ from those which would occur in similar systems in the disorganised 
state and the only effects of molecular organisation into orientated monolayers 
are noted in the alterations produced in accessibility of the groups as revealed 
by the rapidity of the reactions and in the apparent energies of activation. 

A further consequence of molecular orientation at interphases is found in 
those cases where radiation incident on the surface produces photochemical 
action after absorption of quanta by chromophoric groups in the monolayer. 
If, as is the case in ring compounds, the extinction coefficients are different 
along the three molecular or group axes, the photochemical reaction rate can 
be varied by alteration of the orientation by compression. Thus the rate of 
photochemical hydrolytic fission followed by oxidation in protein monolayers 
at those points along the chain where the chromophoric groups are situate can 
be varied within wide limits by simple expansion or contraction. 

There are several processes in which an alteration in the properties of an 
interphase bring about a number of varied biological processes of great im- 
portance, I may mention the phenomena of lysis, agglutination, sensitisation 
and the lethal activities of certain substances on various types of cells and 
micro-organisms. It is true that we are not yet certain in any one case as to 
the exact composition, structure or thickness of the cell membrane, but we are 
certain that the surface structure must be organised in the sense that forces of 
molecular orientation must be operative in the membrane. Whilst, as we 
have seen, a monolayer membrane of a protein may be destroyed by suitable 
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enzymes, yet the phenomena which I am now referring to do not appear to 
be the result of chemical action in the usual sense of the word. The reactions 
themselves do not appear to possess large temperature coefficients indicative 
of sensible energies of activation, although it must be admitted this fact is 
frequently obscured by other processes operative at the same time. We may 
mention in passing the thermal denaturation of proteins is a reaction in which 
the apparent and true energies of activation are markedly different, a fact 
emphasised by the investigations of Steinhardt and La Mer. A second criterion 
is to be found in the fact that these processes are nearly all catastrophic in 
character, i.e. the process under investigation being recorded as a hit or miss. 
As far as quantitative results are possible in such systems it appears that a 
definite quantity of reactant related naturally to the extent of all surface is 
required to bring about the reaction, and further that this quantity is removed 
from the environment on to or into the cell wall. One further point of interest 
is that the relation between the quantity on or in the cell wall and the con- 
centration in the environment can be expressed in terms of an adsorption 
isotherm. Not too much stress may be laid on this last point, because the 
adsorption isotherm may equally well be replaced for existing experimental 
data by a partition function between two phases or by the mass law operative 
between easily dissociable salts. 

Whilst the extent of mutual miscibility of two liquid phases is usually 
interpreted in terms of the relative internal pressures of the two liquids, we note 
from the molecular point of view especially in the case of the large complex 
and the biologically important material, that we are really concerned with 
specific molecular interactions which may be identified as being due to those 
forces operative between the non-polar and the polar portions of the molecules 
respectively. In two component monolayers the two molecular species are 
adlineated in respect to one another and we should thus anticipate that it might 
be possible to form relatively stable two-component complexes which in three 
dimensions would only be detectable in terms of mutual solubility and when a 
mutual solvent was present as a third component might not be observable at 
all. These conclusions are indeed fully borne out by investigations on two 
component monolayers. It is found for example, that strong complexes are 
formed in mixed monolayers of a variety of substances such as saponin with 
cholesterol or digitonin or cetyl amine or sulphate with cholesterol. —_ } 

Examination of a great variety of these systems has demonstrated that the 
free energy of formation of the complex is constitutive in the sense that its 
magnitude is dependent on the extent of interaction between the polar reactive 
groups and also that of the Van der Waals interaction between the non-polar 
portions of the reacting species. The difference in properties of mixed films 
containing cholesterol on the one hand and those containing, for example, 
epi-cholesterol is most marked, but when models are made of the two molecular 
systems, it becomes quite evident that the ease of adlineation of the hydro- 
phobic portions of the molecule and the relative orientation of the polar group 
with respect to the axis of the molecule are the determining factors. The free 
energy changes involved in formation of these two-dimensional complexes is 
of the order of some 10,000 Cals. per gm. mol. Complexes containing the con- 
stituents in ratios other than one to one can be prepared ; thus cetyl alcohol 
and cetyl sulphate can form both a 1:1 and a somewhat unstable complex 


206 


in the ratio of 1 : 3, whereas elaidyl alcohol produces an unstable 1 : 2 but no 
1:3 complex. It is probable that with a more extended investigation of 
these interesting systems the basis for the most elementary form, i.e. a two- 
dimensional crystallography of the type envisaged by Patterson may be laid 
down. 

I might mention in passing that the effects of cis-transisomerism on the free 
energies of the complexes are very characteristic and fully confirm the hypo- 
thesis we have advanced as to the importance of molecular adlineation ; thus 
saturated aliphatic hydrocarbon chains with different reacting polar groups 
will form stable systems, likewise trans-olefinic chains can penetrate and pack 
both with one another and with saturated chains, but the cis form is not capable 
of such adlineation. From the biological point of view I think that the most 
interesting property of these systems lies in the mechanism of their formation, 
for on injection of one of the reactants beneath a monolayer of the other it is 
found that penetration of the latter by the former will take place to form the 
complex monolayer. This penetration, if carried out at constant area, naturally 
involves a rise in the two-dimensional pressure, or if at constant pressure a rise 
in area is involved. We have indeed examined the formation of complexes 
under both these conditions, and the changes involved are frequently remark- 
able, thus the injection of a few mgm. of saponin under a film of cholesterol 
compressed to a pressure of 10 dynes/cm. will cause an increase of pressure of 
over 50 dynes/cm. Whilst a film of cetyl alcohol at 20 A? per molecule 
expan’'s to no less than 78 A*, even when the pressure is maintained at 
23 dynes/cm. on the injection of only 1 mgm. in 300 cc. of cetyl sulphate. 

If sodium cetyl sulphate be injected beneath a monolayer of cholesterol 
this substance will penetrate to form, as we have seen, a complex. By suitable 
adjustment of the pressure this complex can be maintained at the definite 
composition of one to one, excess of the sodium salt being ejected as the pressure 
is raised. It is found that the pressure on the film has to be raised as the 
concentration of sodium salt in the substrate is raised ; some of the values 
obtained are given below. 


Conc. Sodium Cety!l Sulphate Equilibrium pressure in 
gms./cc. x 10°’. dynes/cm. for the 1-1 
complex formation. 

1-0 17 

2-0 32 

3-0 38 

4-0 45 

50. ‘ ; 47 

6: ‘ . 48 


We conclude that there must be a more or less complete layer of the sodium 
sulphate adsorbed beneath the surface of the complex. We are thus led to the 
view that in many oil in water emulsions as well as in the micellar aggregates 
found in soap solutions the gegen ion atmosphere around the emulsion particle 
or micelle must contain a number of molecules of the emulsifying soap, a 
somewhat novel conclusion as to their structure. Further, that emulsions 
formed from such complexes should be remarkably stable with a low interfacial 
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energy. In some cases a small alteration in the pu of the substrate may affect 
the ease of penetration of a reactant to a marked extent. In the diagram is 
shown the effect of such a variation on the rate and extent of penetration of 
bilirubin into cholesterol as a function of the pu. It is possible to examine 
the reactivity of various substances in respect to penetration of monolayers. 
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I have referred to the penetration of monolayers of cholesterol and we note 
that some substances such as digitonin or cetyl sulphate or amine possess this 
property to a remarkable extent. Of the other important cell wall constituents 
we include phospholipins and the proteins. Little information as yet is avail- 
able on phospholipins, but our knowledge of the reactions of this type in the 
case of the proteins, especially the alcohol soluble and thus readily dispersible 
protein gliadin, has been greatly extended in recent years. 

The stability of the protein monolayer is, as we have seen, due partly to 
their mutual association ; if these are broken down by stronger associating 
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reactants we might anticipate a dispersion of the monolayer resulting in a 
solution of the protein in the form of a protein-reactant complex. This 
phenomenon is readily observed on injection of even minute quantities of such 
substances as sodium oleate, cetyl sulphate, or psychosin beneath a protein 
monolayer. 

Other substances may react by penetration into the protein layer but not 
effect dispersion. By spreading monolayers with various head groups and 
examining the reactions caused on injection it is possible to identify the reacting 
group in the protein monolayer. A characteristic group of protein complexes 
formed in monolayers are the lipo proteins, thus gliadin forms a remarkable 
complex with cholesterol in the ratio 4: 1 by weight. Here the cholesterol is 
anchored to specific groups in the gliadin, in particular the amino and car- 
boxylic groups. At high pressures (20 dynes) the cholesterol is forced up above 
the protein monolayer and the surface becomes one essentially of cholesterol. 
Nevertheless the cholesterol is still anchored to specific portions of the protein, 
for on release of the pressure the lipo-protein film is re-formed. This extrusion 
and re-forming process can be repeated several times before the complex 
structure breaks down. It is interesting to note that saponin which penetrates 
cholesterol with extreme ease, but proteins only slightly, will penetrate these lipo- 
protein films except at those pressures where the cholesterol is separated from 
the substrate by the protein monolayer to which the cholesterol is anchored. 

It thus appears not unlikely that the materials such as cytoplasm, and 
especially in the more stratified chloroplasts, must be regarded as a protein 
gel framework to which is attached the enzymes, the phosphatides and lipoids 
and the means of attachment is as we have seen due to the interaction both of 
the non-polar as well as of the polar portions of the molecules concerned. 
Another important conclusion to be drawn from monolayer experiments is 
that these penetrative reactions involve not only a new head group interaction, 
but in many cases also the breaking of such a head group interaction already 
existing in the monolayer prior to penetration. Several biological analogies 
may be mentioned—thus since lysis of blood cells can be brought about both 
by protein and cholesterol penetrants we must conclude that it has lipo-protein 
surface. Several micro organisms can be sensitised for lysis by cholesterol 
penetrants by a prior treatment with cholesterol. Again, cilia of mytilus 
appear to be mainly lipoidal, those of parameecia chiefly protein, as judged 
by the criterion of penetration. 

The carrier action of desoxycholic acid on fatty acids can readily be demon- 
strated in monolayers, as desoxycholic acid does not interact with other lipoids 
nor to any great extent with proteins. We find also that the hemolytic 
activity of a long chain alcohol is negligibly small owing to the fact that it is 
practically insoluble in water, but it readily forms a soluble complex with a 
long chain sulphate and can be transported to the cell wall in this form. 
There both the sulphate and the alcohol can penetrate separately, the former 
acting both on the protein and on the lipoid, the latter only on the protein, 
and produce lysis. 

Yet another reaction of this type has been described by Peters and Wakelin 
who found that the complex ovoverdin containing protein and astacin could be 
split to form a lipo-protein containing soap by the addition of small amounts 
of saturated long chain fatty acids setting free the astacin. On the addition 
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of calcium ions the process is reversed. They likewise draw attention to the 
fact that it seems probable that the co-enzyme in an oxidase system may be 
separated from the enzyme by the formation of such a lipo-protein complex. | 

Somewhat more complex in behaviour are the blood coagulants heparin 
and the synthetic sulphate celluloses. It is found that their biological activities 
run parallel to the ease with which they penetrate films of cholesterol. It is 
not unlikely that they operate by breaking down a cholesterol cephalin com- 
plex setting the latter free. 

We have referred to the fact that for the penetration of a monolayer by a 
substance injected into the substrate primary interaction between the reactive 
head groups occurs, followed by solution, i.e. penetration and adlineation, of 
the tail. In the case of reactants containing two or more reactive head groups 
it is found that these can associate with head groups in the monolayer and thus 
form a series of links. Here another important factor is found operative. Ifthe 
injected bipolar molecule possess a hydrophobic portion of such a structure that it 
can pack or adlineate with its neighbours beneath the monolayer, the resultant 
composite film is remarkably stable. Thus the long chain dibasic acids are 
adsorbed on to, but do not penetrate monolayers of amines, whilst the diamidines 
are adsorbed by, but do not penetrate monolayers of cholesterol. Substances 
containing the phenolic group are of particular interest in this respect as they 
include a number of biologically important substances. They react with 
amine groups quite readily and to a less extent with the imido group in a 
polypeptide chain. Gallic and tannic acids react with great ease with mono- 
layers both of amines and with proteins. It is interesting to note that the 
reactivity of tannic acid with the spaced amine groups of the protein is high 
and that subsequent injection of fatty acids beneath such treated monolayers 
in the dispersion of the galloylamine or galloyl-protein complex film, but not 
in the tanned one—an indication of the effectiveness of the interlinkage pro- 
duced in the non-dispersible network by the multiple point contact of the large 
tannic acid molecules. 

The extremely reactive oestrogenic compounds of Dodds and Lawson of 
which the pp’ dihydroxy diphenyl hexadiene and stilbene derivatives form a 
definite series in which the ratio of hydrophobic to hydrophilic portion can 
be varied, present an interesting series, the results of injection of which under a 
protein monolayer are shown in the attached curve. 

It will be noted that reaction sets in rapidly but equilibrium is only finally 
attained after some 15 to 20 minutes, and that there is a parallelism between the 
estrogenic activity and the protein adsorption except in the first and the last 
members, points we shall refer to later. 

In apparent conformity with Traube’s view, there is a marked increase 
in adsorption with increase in the number of CH, groups in the molecule, 
and this adsorption is cut down by the insertion of polar groups. This effect 
is clearly exemplified in comparing the diethyl stilbene or dibenzyl compounds 
with the corresponding pinacols. If, however, reactive polar groups, e.g. the 
phenolic hydroxyl, had been inserted instead of the primary alcoholic groups 
in the pinacols, a marked increase rather than a decrease in adsorption would 
have been observed, for the following compounds react in order of increasing 
adsorption on both amine and protein monolayers—cresol, gallic acid, digallic 
acid, purpurogallin and tannic acid. This order is, however, reversed to give 
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a normal Traube series when these substances are injected under a relatively 
non-reactive monolayer such as a long chain acid. 

A wide variety of substances have been examined from this point of view, 
namely their extent of interaction with protein monolayers, and it has been 
found that there is a direct parallelism between their extent of interaction and 
their lethal action on parameecia. Another significant biological similarity 
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has been noted when we measure the extent of penetration of a series of sub- 
stances containing identical hydrophobic ‘ tails,’ e.g. a C,, chain but with 
different head groups, into a monolayer of a typical lipoid such as cholesterol. 
In all cases the extent of interaction as measured by the increase in surface 
pressure caused by the injection of 0-33 mgm./100 cc. under a film of cholesterol 
originally extended to 40 A? per molecule is found to be closely parallel to 
the hemolytic activities and lethal activities on paramoecia of these substances. 
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These latter can be placed in order both of monolayer penetration and 
biological activity as follows :— 


RNH} > RSO,' > RSO,’ > RCOO’ > RN(CH,), > RNH(GH,), > 


Bile acids. 


We may conclude that the most reactive group in the protein macromolecule 
is the amino group, since the —NH—CO— group is poorly reactive, a 
point of some interest when we examine the reactions of lecithin and of 
cephalin. This order of head group reactivity receives confirmation when 
penetration into monolayers containing these head groups is examined, i.e. 
on inverting the system. When we compare the reactivities of a series of long 
chain compounds with identical head groups it is found that biological activity 
and film penetration commences with Cy when attached to a very reactive 
head group, with C,, when attached to a poorly reactive group, and reaches 
a maximum value at ca. C,,. It is interesting to note that it is not necessary 
for all the carbon atoms to be in the form of a chain but may be enclosed in 
ring systems ; thus activity commences with diphenyl derivatives and increases 
with addition of carbon atoms to an optimum as in the bile acids, stearic acid, 
diethyl stilbene and benzpyrene. By examining the reactivity of substances 
containing two reactive groups at various spacings underneath protein mono- 
layers, it is possible to obtain some idea as to the statistical distribution of the 
reactive groups in the monolayer. It would appear that some 12-5 A is the 
mean distribution of the amine groups beneath a gliadin film. In the native 
protein such spacings are naturally different and thus reactions involving two- 
point contact will not take place in bulk phase unless the spacing is unaffected 
by two-dimensional unrolling of the protein. 

We have referred to the modification which must be introduced into either 
the Overton Meyer or Traube concepts of biological activity, i.e. lipoid 
solubility or capillary activity necessitated by the concept of specific head 
group interaction. We see that a definite limit is also set to the hydrophobic 
portion of the molecule, not only on account of the decreasing solubility in the 
aqueous phase causing difficulty in transport and on account of the ease of 
adlineation or packing having an optimum of C,, for association with sterols 
or fats, but also because a new phenomenon, as exemplified in the figure, sets 
in with long chains, viz. dispersion of the monolayer, most marked in the case 
of 4 4’ dihydroxy dipropyl stilbene. It is possible that this phenomenon of 
film collapse and dispersion may be a generally important factor in setting the 
upper limit to the chain length or more generally the capillary activity of 
homogeneous series of biologically important substances, e.g. anesthetics. 
This dispersion of protein films may have biological counterparts in adsorp- 
tion on specific portions of the cell surface similar to the hemolytic activity 
of long chain compounds such as oleic acid which readily disperses protein 
films. Another interesting parallelism has been observed in the surface 
reactivities and ocestrogenic powers of two isomeric compounds (pp’ dihydroxy 
diethyl dibenzyl), one being markedly differentiated from the other in both 
protein adsorption and in cestrogenic activity. Here models indicate that the 
trans arranged rings can pack laterally with one another in sheet form 
much more readily and with a greater degree of adlineation than the cis 
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structure, imparting stability to the adsorption complex formed with the former 
substance. 

In advancing these somewhat novel principles based upon the hypothesis 
of a parallelism of film reactions and biological activity, it is desirable to point 
out exceptions. It is found, for example, that 4 4’ dihydroxy diethyl pinacol 
is a much more effective oestrogenic agent than either its paramecicidal 
activity or adsorption on protein monolayers would suggest. ‘The view might 
be advanced that on certain living tissues it can be partly converted by enzy- 
mitic dehydration to the extremely active 4 4’ dihydroxy diphenyl hexadiene. 
Another interesting exception is to be found in desoxycholic acid which is the 
only hemolytic agent in the bile acid (ca. 1 : 550) series and is likewise lethal 
on parameecia. It is as we have seen unreactive to films of protein, cholesterol 
and glycerides, and in fact a specific interaction with fatty acids is involved. 

This method of attack permits us to investigate the nature of the coatings 
of cells or unicellular animals and plants by examining the effects of lipoid 
or protein penetrating substances on them. 

Thus both red cells and parameecia are affected by both lipoid and protein 
monolayer penetrating (cytolysing) or adsorbing (agglutinating) agents and we 
deduce that their surface structures must contain lipoproteins or consist of a 
lipoid protein mosaic ; whereas certain other unicellular animals frequently 
found associated with paramoccia and in addition the cilia of mytilus are not 
affected by protein dispersants but are readily influenced by lipoid penetrating 
agents, and their coatings in consequence must be chiefly lipoidal in nature. 

Examination of the carcinogenic hydrocarbons by the monolayer technique 
reveals the interesting fact that whilst they themselves are unreactive they are 
readily converted into extremely reactive water-soluble photo-oxides. ‘These 
substances are not only reactive to protein monolayers like the water-soluble 
dibenzanthracene endosuccinnate, but also are parameecicidal, the parallelism 
between the biological activity and monolayer reaction being maintained. 

Many attempts have been made to construct model systems to yield poten- 
tial differences analogous to the bioelectric potentials observed in tissues. The 
work of Beutner, Bauer, Cremer and others suggests that potential differences 
of magnitude corresponding to those found in living systems can be obtained 
by interposing suitable oil phases between electrolytes of different composition, 
and the fact that the penetration of large molecules into living cells frequently 
follows their lipoid solubility has given support to the theory that the seat of 
the bioelectric potential lies in the lipoid-like cell wall. The order of thickness 
of such cell walls cannot exceed a few molecular layers and we must take this 
fact into consideration. We have noted that at the lipoid-water interface 
there will exist an orientated layer of dipoles, and on placing a monolayer at 
the interface, the original array of solvent dipoles will be replaced by one con- 
sisting of the material of the monolayer. If an electrolyte be brought to 
equilibrium in both the homogeneous phases, it is clear that opposite the mono- 
layer in both the aqueous phase and in the lipoid phase adsorption and electro- 
kinetic potentials! will be built up of such magnitudes that the total potential fall 


1 Whether adsorption or electrokinetic potentials will be built up in any specific case will 
depend on whether short or long range forces are involved, i.e. on the magnitude and spacing 
of the dipoles. If the dipole system occurs across a relatively thick multilayer the potentials 
will be purely electrokinetic. 
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across the interface, which may be written €oi1 -+- AV + éwater, must be zero. If 
the lipoid phase be replaced by air no diffuse double layer can be built up, since 
the gaseous ions produced by the usual radioactive source are continually 
drawn into the liquid phase ; there is in consequence a permanent potential fall 
ecjual to JV + water, which is the one customarily measured. 

It is evident that a bioelectric potential difference may be caused by a 
sudden alteration in AV, for the compensating potential differences £oj1 and 
€water must take time to readjust themselves by diffusion to the new equili- 
brium values. Since in general the electrolyte concentration in the aqueous 
phase is high, it seems probable that water will adjust itself to the new value 
acquired by AV as rapidly as MV can be caused to change either by 
mechanical, electrical or chemical means. Thus surges in potential difference 
across the interface due to a periodic alteration in 4V may be caused by the 
slow readjustment of foi, for it is in this phase that the ionic concentration 
is low. 

Another source of biological potentials is to be found in the case where 
the chemical potential of the electrolyte is not the same in the two phases, 
bringing into existence a diffusion potential across the interface from source 
to sink. It is clear that a monolayer can only affect the diffusion potential 
provided that its permeability to the ions is not only comparable to that of 
the homogeneous phases on each side, but that it also is not equally permeable 
to both ions. Experiments have shown that monolayers and even built-up 
multilayers of considerable thickness of proteins are surprisingly permeable 
to ions and we must presume that the bioelectric potentials do not involve 
only a protein membrane between the ionic source and sink. It thus appears 
that there is some justification for the assumption that it must be a lipoid or a 
lipo-protein membrane. 

It has been the purpose of this address to re-emphasise the importance of 
the fundamental concepts introduced by Sir W. Hardy and Dr. I. Langmuir 
as to the structure of matter in the boundary state. I have attempted to show 
that there is implicitly contained in the concept of molecular orientation a 
whole series of properties and events for which there are no analogies in 
homogeneous bulk phase systems. We note that many of the modes and types 
of the reactions which can be effected in monolayers, and which can be defined 
with precision and their mechanism established with a considerable degree of 
assurance, are unique for such interphases, but are again observed in living 
and organised material. It is with this object of ultimate correlation with 
biological behaviour that we have taken up the detailed study of interfacial 
reactions at Cambridge, and I should like to express my deep indebtedness to 
my colleague, Dr. J. Schulman, who has been associated with me in this 
object. 

Many ‘ vitalistic’ models have been proposed in the past, and whilst it 
might be correct, although unscientific, to suggest that the ultimate level of 
integration in living matter is incapable of examination and definition, yet 
I believe that one is justified in asserting that at least one of the important 
levels to which due attention must be given for a proper understanding of 
biological activities is that of the ordered interface. 
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SECTION B.—CHEMISTRY 
COMMUNICATIONS 


Joint Discussion with Section I (Physiology) on Tissue respiration. 
Prof. R. A. Peters, F.R.S.—Introduction. 


Tissue respiration is an old problem in an extremely modern dress. The bounds 
of the subject are defined by the entry of oxygen into the cell and the subsequent 
escape of carbon dioxide and water, and comprise the changes limited by these two 
events. It is a revolution to realise that the oxygen which leaves the cell as carbon 
dioxide is not that which enters as gas. The final combustion with its consequent 
liberation of energy is due to a succession of oxidations by well-defined and highly 
specific stages, each of which has its own specific catalysts. In most cases the gradual 
oxidation of a substance (such as a sugar) involves the successive removal in steps 
of two hydrogen atoms. Part of the catalytic system involved consists of enzymes 
of protein nature (the true catalysts), and part of hydrogen atom carriers. Several 
of the latter have been defined by synthesis (e.g. riboflavin). In addition some are 
components of the vitamin B complex, and so bring this subject into relation with 
important aspects of qualitative nutrition. The reduction of incoming oxygen is 
effected by porphyrin-containing systems (in the main) linked with the hydrogen 
atom carriers ; carbon dioxide is generally removed by decarboxylation of «-keto 
acids. The necessity for all this complication is determined by the limits of pH 
and temperature compatible with life. 

The discussion follows the logical plan of description of the isolated components, 
discussion of partial integrations and finally of the cell itself with its surface factors 
organised. 


Dr. Malcolm Dixon.—Catalysis in tissue respiration. 


Dr. H. Theorell.—Recent research on flavoproteins. 


The past year has brought with it a new and surprising development in our 
knowledge of the yellow ferments. Warburg-Christian’s ‘old’ ferment of 1932, 
‘ flavin-mono-nucleotide proteid ’ was always very difficult to fit into any physio- 
logical context that might explain the vital importance of B,-vitamin. This 
difficulty has now been overcome since the discovery of a number of new yellow 
enzymes. The prosthetic group in these is not lacto-flavin phosphoric acid, but 
lacto-flavin phosphoric acid-adenylic acid. This latter in combination with various 
protein components gives rise to the following enzymes ; we know for the present 
seven different flavin enzymes : 


1. The ‘old’ yellow ferment (Warburg and Christian; Theorell) = alloxazine 


proteid O,, dihydro-pyridine. 


2. An alloxazine-adenine-proteid O,, dihydro- produced by Warburg 


pyridine 
and Christian, whose prosthetic group is alloxazine-adenine-dinucleotide and whose 
protein component is = the old ferment. 
3. Krebs’ d-amino-acid-oxidase = alloxazine-adenine-proteid O 
29 


(Das, Straub, Warburg-Christian). 
4. Haas’ alloxazine-adenine-proteid 


amino-acids 


(methylene-blue), dihydro-pyridine. 


ne. P. i 
5. Bail’s alloxazine-adenine ? -proteid O,, xanthin. 


6. Corran and Green’s alloxazine-adenine-proteid (cytochrome c, dihydro-pyri dine). 
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7. Straub’s alloxazine-adenine-proteid, o- 


cytochrome, dihydro-pyridine ~ © 
enzyme factor, diaphorase. 
The properties of the various enzymes are discussed. 


Prof. D. Keilin, F.R.S.—Cytochrome and similar compounds. 


Dr. F. Dickens.—Interpretation of intermediary metabolism from measure- 

ment of tissue respiration. 

Information on intermediary oxidation in tissue metabolism is still fragmentary 
compared with knowledge of fermentation reactions. The methods of study make 
use of isolated enzyme systems, and also of tissue-respiration measurements. The 
former require complete destruction of the tissue, while this is avoided as completely 
as possible in the latter. Jn vivo measurement being difficult, most work has been 
done using isolated tissues. The tissue-slice method of Warburg has proved the 
most fruitful compromise between the intact and macerated state. Minced tissue 
(‘ Brei’) with greater or less destruction of cell-boundaries is particularly valuable 
for experiments with substances to which the intact cells are impermeable. Some 
special cases are discussed illustrating the oxidation of various metabolites and 
intermediates. 

For various reasons it does not follow that the addition of a normal foodstuff 
or intermediate will necessarily increase tissue respiration. Further information 
may be given by measurement of respiratory quotient. On the other hand, certain 
activators are able to increase respiration without being normal intermediates. 
However, by using suitable conditions in which the concentration of certain normal 
intermediates is reduced so as to become the ‘ limiting factor,’ the importance of 
these may be demonstrated. 

The use of poisons and inhibitors supplies further evidence. The respiration 
has to be considered in relation to synthetic mechanisms which require energy, such 
as protein synthesis. Such reactions appear to demand the intact cell structure. 
The same applies to the Pasteur effect, by which the respiration suppresses the fer- 
mentative breakdown of carbohydrate. By means of salts and of specific inhibitors, 
the effect may be suppressed. 


Discussion.—Dr. H. A. Krebs. 

The respiratory quotient is the balance sheet of a great number of intermediary 
reactions. Whilst the primary reactions in which the molecular oxygen disappears 
are now fairly well known, the knowledge of those processes which eventually 
lead to the formation of CO, is less complete. It appears from more recent work 
that ketonic acids are the chief immediate precursors of the respiratory CQO,. 
Pyruvic, oxaloacetic, «-ketoglutaric and oxalo-succinic acids are the ketonic acids 
so far known to arise in the course of carbohydrate metabolism. Another series of 
ketonic acid arises from amino acids. CO, is formed from ketonic acids by 
‘decarboxylation.’ Decarboxylation of «-ketonic acid in animal tissue is always 
oxidative. In many cases the oxidative decarboxylation is coupled with reduction 
of another molecule of ketonic acid (dismutation) : 


R R’ R R’ 
| | | 
CO +CO + 1,0 + Coon 


| | 
COOH COOH COOH 


_ Incertain bacteria (staphylococcus) all the respiratory CO, appears to be formed 
in this way. In animal tissues a considerable fraction, the magnitude of which 


varies from tissue to tissue, arises from dismutations of this type. 
o 
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Dr. T. Mann. 

Two fundamental chemical processes are involved in the fermentation and 
respiration in animal and plant tissues: transfer of hydrogen and transfer of 
phosphate. 

These processes require several catalysts known as the oxidizing and phos- 
phorylating enzymes. Coupling of oxidations with phosphorylations was shown 
recently in animal tissues, yeast, bacteria (Meyerhof, Needham, Lipmann). Until 
a few years ago research on the mechanism of enzymic oxidations and phosphoryla- 
tions was carried out mainly on tissue slices and/or cell-free extracts. More recently, 
however, attempts were made to study fermentation and respiration in systems 
composed of purified enzymes, coenzymes and substrates. Whereas the isolation of 
some of the oxidizing enzymes has been successfully accomplished, the enzymes 
concerned with phosphorylations still await their final purification. 

The introduction into research of ‘ isolated enzyme systems’ has already proved 
of greatest value in the field of fermentation and respiration. 


Dr. J. H. Quastel.—Narcotics and tissue respiration. 


Narcotics, contrary to early conclusions, have specific effects on tissue oxidising 
systems. At low concentrations they greatly inhibit the oxidation by brain tissue 
of glucose, lactate and pyruvate, but not that of succinate or «-glycerophosphate. 
Cytochrome oxidase is unaffected. Their inhibitive effects on brain respiration in 
presence of glucose are definite at narcotising concentrations, the inhibitions being 
more marked using brain cortex slices than when using minced brain. At relatively 
high concentrations they compete with lactate for its dehydrogenase according to 
mass action laws, as shown by the methylene blue technique. At the low con- 
centrations which markedly inhibit brain tissue respiration, there is little or no 
inhibitive effect on the known dehydrogenases under anzrobic conditions. Thus 
pyruvic dehydrogenase is unaffected by relatively low concentrations of narcotics. 
Narcotic inhibitions zrobically are steady and reversible (at normal or high 
potassium ion concentrations). They are dependent on the concentration of 
narcotic and not on the concentration of substrate to which the tissue under examina- 
tion is exposed. Narcotics at low concentrations particularly affect the pyruvic 
acid oxidising systems in brain, kidney or diaphragm. It is suggested that there 
is a factor or dehydrogenase (possibly analogous to diaphorase) highly sensitive to 
narcotics which acts as a hydrogen carrier in tissue respiration between pyruvic 
dehydrogenase and cytochrome oxidase. 


Dr. S. Ochoa.—Carbon dioxide evolution and cocarboxylase. 


There seems to be, down to the pyruvic acid stage, a main common path for 
both anzrobic and erobic breakdown of carbohydrate in animal tissues. The 
phosphorylated triose is oxidised anerobically by dismutation, zrobically, by giving 
up hydrogen to the cytochrome system through coenzyme I, flavoprotein, and C, 
dicarboxylic acids. The phosphorylated oxidation product (phosphoglyceric acid) 
yields pyruvic acid which, anzrobically, is reduced to lactic acid. So far carbo- 
hydrate oxidation is accomplished by hydrogen transfer to oxygen, water being 
formed. Aerobically, however, pyruvic acid is not reduced but decarboxylated 
and oxidised, the second final product of respiration, carbon dioxide, being set free 
at this stage. It has recently been demonstrated in Oxford that the oxidative 
decarboxylation of pyruvic acid in animal tissues (brain) is catalysed by cocarb- 
oxylase (vitamin B, pyrophosphate). 1 mol. cocarboxylase catalyses optimally 
the uptake of 1500 mols. O, (production of 2000 mols. CO,) per minute, the lowest 
active concentration being approximately 5 x 10~® M., the maximum 1-5 x 10-7 M. 
The complete oxidation of pyruvic acid also requires at least inorganic phosphate, 
adenylic acid, fumarate, and coenzyme I. The oxidative decarboxylation yields 
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carbon dioxide and apparently a compound with the empiric formula C,H,O, 
which may appear as acetic acid in the absence of the rest of the enzyme system. 
As adenylic acid is indispensable for the further oxidation, it appears that here again 
a phosphorylation cycle is involved. 

The question whether cocarboxylase is active only in catalysing the decarboxyla- 
tion of pyruvic acid or also as a hydrogen transporting coenzyme cannot yet be 


answered. 


Prof. H. S. Raper, C.B.E., F.R.S.—The control of tissue respiration. 


Experiments on isolated organs using blood gas analysis have shown that activity 
is accompanied by increased oxygen consumption. It is not known how the new 
rate of oxidation is regulated. ‘The participants in the oxidation are the catalysts, 
the oxidisable substrate and oxygen. Increase in any one of these might conceivably 
increase oxidation in a system previously in a steady state. 

The problem has been approached by using cat’s submaxillary gland slices which 
show an increased uptake of oxygen in the presence of acetyl choline. The experi- 
mental data suggest that neither increase of substrate nor oxygen supply is a cause 
of increased oxidation under normal conditions. It is probably therefore conditioned 
by changes in the availability of the catalyst. The fact that the resting respiratory 
activity has different properties from that of the tissue stimulated by acetyl choline 
also suggests that a change in the state of the oxidation catalysts is responsible for 
the changed oxygen uptake. This may be true for the submaxillary gland but not 
necessarily for other tissues. 


Dr. E. P. Poulton.—Local tissue anoxia. 


In ‘ Local Tissue Anoxia ’ some tissues are starved of oxygen owing to arterial 
disease, etc., though the saturation of the arterial blood is normal. This can be 
investigated in man by means of an oxygen tent with 60 to 80 per cent. oxygen for 
days on end, since it has been shown that in these circumstances the nitrogen 
dissolved in the tissues diffuses out of the body, while oxygen diffuses in. The 
known examples of local tissue anoxia are : varicose ulcer, two cases, poisoning by 
alcohol (and cyanide) and coronary thrombosis, which have already been in- 
vestigated in this manner. But the myocarditis of acute rheumatism provides one 
of the most striking examples. The patient feels better in the tent, the temperature 
and pulse fall to rise again if the tent is removed ; there are modifications in the 
auscultatory signs; the electrocardiographic tracings are changed, while the 
heart becomes smaller. In those cases where the blood lactic acid is high (in some 
cases low values are obtained) there is a marked fall in the tent, and a rise if the 
tent is removed too soon. The period in the tent has varied between a week and 
eighty-two days. 


* * 
Discussion on New technique in physical chemistry. 
Dr. H. W. Melville.—Introduction. 


Prof. S. Sugden, F.R.S.—Radioactive indicators. 

The experimental methods used in preparing artificial radio-elements and in 
measuring their radioactivity are briefly reviewed and the properties which facilitate 
or hinder the use of a particular element are considered. ‘The chemical applications 
include a discussion of (a) the detection of ionic compounds in which the exchange 
of radioactive atoms witli inactive atoms takes place with a speed too high to be 
measured, and (b) the study of exchange reactions which involve the breaking of 
a covalent bond and proceed at a measurable speed. 
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Prof. W. F. K. Wynne-Jones.—Isotopes as atom indicators for reactions in 
solution. 


It has always been of great interest to chemists to find out what happens to 
particular atoms when molecules undergo chemical change. Ordinary chemical 
analysis fails to solve this problem when there are several atoms of the same kind, 
and the numerous theories which have from time to time been advanced to explain 
the phenomena of chemical change have lacked experimental basis. 

The possibility of obtaining isotopic forms of the common elements has afforded 
a means of experimental attack on this problem, and the isotopes of hydrogen, 
oxygen and nitrogen have all been used to examine the mechanism of chemical 
reactions. 

The use of deuterium, the isotope of hydrogen, has made possible the study of 
labile hydrogen atoms and of acid-base catalysed changes. The mechanism of 
neutralisation, enolisation and mutarotation have all been studied and elucidated 
in this way. 

The application of the other isotopes has already proved fruitful, and the inter- 
change of oxygen atoms between molecules as well as the mechanism of hydrolysis 
of esters have been examined with success. 

The scope of these studies is so wide that the development of methods of separating 
and detecting isotopes has become a matter of great importance to all chemists. 


Dr. M. Ritchie.—Reaction of free atoms. 


Many photochemical reactions involving molecular halogen proceed by way of 
atomic halogen. In the quantitative determination of reaction mechanism it is 
therefore of prime importance to know precisely how such atoms recombine. 
Indirect estimates have been made from reactions the mechanism of which has 
been fully established. Another method consists in measuring the decrease in 
extinction coefficient when molecular halogen is irradiated with light of known 
intensity. The third method consists in the measurement of the Budde Effect, that 
is, the pressure increase observed on irradiating halogen vapour. By further 
development of the technique it is now possible to deduce accurately the mechanism 
of the reaction and the magnitude of the velocity coefficients. 


Prof. T. Alty.—Accommodation coefficients. 


The paper discusses the recent work done on the measurement of accommodation 
coefficients, condensation coefficients, and evaporation coefficients. It gives a 
brief account of the methods of measurement of the coefficients, the results obtained, 
and the importance of these results for theories of the interaction of gas molecules 
with surfaces, the mechanism of crystal growth from the vapour, etc. The use of 
the accommodation coefficient method for the study of adsorption on metal 
surfaces and the measurement of heat of adsorption is described. 


Dr. H. W. Melville.—Recent technique in photochemistry. 


Gaseous photochemical reactions have mainly been investigated by examining 
what effect such factors as pressure, temperature and products have on the quantum 
yield of the reaction. Such an examination is often limited in its scope. In the 
present paper, therefore, an account is given of the development of a number of 
new methods such as multiple light sources, rotating sectors, etc., for obtaining new 
information about simple photochemical reactions. In particular the application 
of these methods to problems in the photochemistry of hydrides is discussed. 


* * * 
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Discussion on Light alloys. 

Dr. C. H. Desch, F.R.S.—Introduction. 

Of the metals of low specific gravity only three, aluminium, magnesium, and 
beryllium, have properties which fit them for use as structural materials. Beryllium 
has not so far been obtained in a massive ductile form, and even as an alloying 
element it has not been found possible to make use of its property of lightness. The 
modern alloys of aluminium have mechanical properties comparable with those of 
structural steel, whilst their resistance to chemical influences is in many instances 
very high. The improved properties are obtained by thermal treatment, the 
phenomenon of ‘ age-hardening ’ having been first observed in an aluminium alloy 
and having opened up a new field of research on metallic systems, besides furnishing 
the engineer with a new range of useful materials. 

The growth of the light alloy industry has been remarkably rapid, and has been 
accelerated in certain countries by the desire to find substitutes for imported metals. 
The same desire has been largely responsible for the rapid recent development of 
alloys of the still lighter metal, magnesium, which may be produced from widely 
distributed and easily accessible minerals. These alloys, although less resistant to 
chemical attack, may be protected by surface treatments, and find a wide range of 
applications. 


Dr. A. G. C. Gwyer.—The constitution of aluminium alloys. 

The constitution of the binary alloys of aluminium has been studied sufficiently 
to make some form of classification desirable. The systems so far investigated may 
be divided into eight classes, in each of which the constitutional diagrams show 
interesting and, in some cases, striking similarities. With few exceptions, the 
alloying elements in one of these classes belong to the same group in the periodic 

\ classification. ‘Thus the alkali metals, with the exception of lithium, form one class, 
while the alkaline earths, together with lithium but excepting beryllium, form 
another. 

There are also a number of thermodynamic relations between the properties of 
the binary alloys of theoretical interest and practical value. 

The ternary and higher alloys have not yet been thoroughly investigated, and are 
mostly very complex. 

Relatively few of the elements form commercially useful alloys with aluminium, 
and in all but one or two cases these are hypoeutectic alloys since, once the eutectic 
composition is exceeded, the presence of a hard constituent results in loss of ductility. 
The most commonly used alloying elements show more or less marked solid solubility. 
This hardens the aluminium matrix and gives scope for improvement by age 
hardening. 

The degree of dispersion of hard constituents markedly affects ductility, and in 
one technically important case, that of the aluminium silicon alloys, this can be 
controlled by a process known as ‘ modification.’ 


Prof. A. von Zeerleder.—The light alloys of aluminium. 


The light alloys of aluminium fall into two classes : those which are used in the 
original cast or wrought condition, and those which are given their improved 
properties by heat treatment. Cast as well as wrought alloys appear in both classes. 
Castings are made in sand and in cast-iron moulds, whilst die-castings are made 
both by the gravity and the pressure method. Wrought light alloys are worked by 
rolling, forging, spinning, and drop-forging, the great deformability of the alloys 
being of advantage. The various classes of aluminium alloys and their specific 
fields of application are briefly reviewed. The special characteristics of these alloys 
include light weight, high thermal conductivity, and high reflecting power for light 


and heat. 
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Mr. W. C. Devereux.—Industrial research methods for light alloys. 


An industry of recent origin, such as that of the alloys of the light metals, is 
dependent in an exceptional degree for its progress on active research. Both 
fundamental and industrial research are needed, and in this instance the value to 
industry of fundamental research on metals and alloys is in the long run at least as 
great as that of investigations having a direct practical object. A strong plea is 
made for a great extension of research in the field of the light alloys. 

The general course of the work in the author’s own research department is 
described, being concerned with the production of improved light alloys of aluminium 
and magnesium, and with a study of their properties under varying conditions of 
manufacture and service. The procedure is largely based on the data provided by 
fundamental research, and many of the methods developed by the ‘ pure’ research 
worker are employed. Reference is made to the use of crystal analysis by X-ray 
methods for the study of hot and cold working and for the determination of internal 
stress, to the development of quantitative spectrographic analysis, and to the use of 
sonic and supersonic methods of detecting flaws in manufactured components. 

* * * 


Dr. H. W. Melville.—New lamps for old. 

This lecture is a survey of the methods for the production of artificial radiation 
accompanied by experimental demonstrations. First, chemical methods for the 
production of light are dealt with. This includes luminous and non-luminous 
flames and the development of selective radiators up to high-pressure incandescent 
gas lighting. Next follows some demonstrations of the production of ‘ cold light’ 
or chemiluminescence. ‘The second part of the lecture deals with physical methods 
for the production of light. The development of filament lamps is described. This 
is followed by demonstrations of the principles of the production of light by electric 
discharges in rarified gases leading finally to the most recent types of fluorescent 


discharge lamps. 
* * * 


Discussion on Intramolecular change involving the migration of groups. 


Prof. A. McKenzie, F.R.S., and Dr. R. Roger.—Introduction. 

The authors discuss, among other problems, the question of semipinacolinic 
deamination and semipinacolinic dehydration with optically active amino-alcohols 
and optically active glycols. 


Prof. M. Tiffeneau.—Aptitudes migratrices et capacités affinitaires des radicaux 

non-saturés dans les transpositions moléculaires. 

L’influence exercée par les radicaux sur les transpositions moléculaires des 
a-glycols et de leurs dérivés se manifeste soit par leur capacité affinitaire ou leur électro- 
négativité relative (celle-ci intervenant pour rendre moins stables les substituants 
voisins (hydroxyle ou liaison époxydique), soit par leur aptitudes migratrices, celles-ci 
étant dans un certain rapport avec les capacités affinitaires. 

I] est bien établi que les aptitudes migratrices des radicaux aromatiques (tous 
fortement électronégatifs) l’emportent sur celles des radicaux aliphatiques. De 
méme, pour les radicaux aromatiques comparés entre eux, on constate que, a 
quelques exceptions prés (notamment phényle > p-tolyle, McKenzie, 1930), ce sont 
les plus électronégatifs qui ont les plus fortes aptitudes migratrices. Par contre, 
dans le cas des radicaux aliphatiques, ce sont les moins électronégatifs qui émigrent 
de préférence. Cette difference de comportement n’est pas encore éclaircie. 

L’étude des radicaux non saturés a montré que ceux-ci interviennent différemment 
suivant leur nature. 

Le vinyle, —CH : CH,, se comporte comme les radicaux a forte capacité 
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affinitaire, non seulement en rendant moins stable ’hydroxyle voisin (glycols) ou la 
liaison époxydique voisine (époxydes), mais aussi en émigrant de préférence au 
méthyle et méme a l’éthyle (Deux, 1939). 


| 
C,H;—CH I —COH(R)CH : CH, — C,H,(CH, : CH)CH—CO—R ; 
R = Me ou Et. 


I] n’en est plus de méme lorsqu’on oppose un diméthyl-vinyle (Dmv) au méthyle ; 
les aptitudes migratrices de ce dernier l’emportent exclusivement ce qui permet de 
supposer que le diméthyl-vinyle se comporte comme un radical aliphatique a 
capacité affinitaire plus élevée que celle du méthyle et de l’éthyle, des lors, ceux-ci 
émigrent de préférence (Deux, 1939). 


Dmv(Me)C : OH —C(OH) (Me)Dmv - Dmv(Me),C—CO—Dmv 


Ainsi la forte attraction électronique qui caractérise le radical vinyle et le rap- 
proche du phényle, tend a diminuer par les substitutions méthylées si bien que le 
diméthyl-vinyle semble fonctionner comme un radical aliphatique a forte capacité 
affinitaire et a faible aptitude migratrice. 


Dr. S. F. Birch.—The catalytic isomerisation of paraffins. 

Until comparatively recently little attention has been paid to the isomerisation 
of the simplest hydrocarbons, the paraffins. This has largely been due to their 
apparent inertness under all but the most drastic conditions. Recent investigations 
have, however, shown that certain isoparaffins, particularly the more highly branched 
members, are surprisingly reactive, and are readily attacked by such reagents as 
aluminium chloride and sulphuric acid at room temperatures. Even the more 
inert normal paraffins are isomerised under comparatively mild conditions by the 
aluminium halides, aluminium bromide being particularly effective in converting 
normal butane into isobutane at ordinary temperatures. ‘The mechanism by which 
such rearrangements take place is obscure, but there is some evidence that complex 
formation between the halide and hydrocarbon is an essential preliminary step. 
Since such complex formation would tend to weaken C—C bonds it is only to be 
expected that under such conditions rearrangement would take place to a thermo- 
dynamically more stable form. The fact that isomerisation is usually accompanied 
by the formation of higher and lower molecular weight isoparaffins indicates that 
fission of the carbon chain takes place and is followed by recombination of the 
fragments to form new hydrocarbons, a probable explanation for the isomerisation 
mechanism, ‘This tendency for breakdown and recombination to occur is especially 
noticeable with the higher more highly branched isoparaffins such as 2.2.4—tri- 
methylpentane. So unstable is this hydrocarbon that when vigorously agitated 
with sulphuric acid for a prolonged period it is converted into a complex mixture 
of isoparaffins. 


Dr. A. K. Mills.—The stereochemistry of intramolecular change. 
The action of nitrous acid on an amino-alcohol of the type 


R R’ 
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NH, OH 


leads in most cases to the formation of a ketone, CH-CO:R’, and involves the 
R 


oth 

to 

as 

is 

is 

m 

of 

by 

ch 

ay | 

of 

on | | 
he | 
US 
i 

ds 

is 
ric 

nt 

) 
| | 
| \ 

\ 
es 

O- 
its 

Ci 

Je 

a 

t 

t 

, 
t 5 
| 


222 


migration of a radical. In the case of an optically active amino-alcohol the resulting 
ketone is isolated in a high degree of optical activity. A study of the deamination 
of optically active amino-alcohols has been carried out in order to obtain further 
information as to the nature of the reaction. It has been proved in a number of 
cases that the migrating group occupies the same relative position after migration 
and some evidence is forthcoming as to whether a Walden inversion is involved 
or not. 

A number of pairs of diastereoisomeric amino-alcohols of the above type have 
also been deaminated and it has been found that either R’ or R” may migrate 
according as to whether the «- or @-form of the amino-alcohol is deaminated. 
The migration appears to be controlled by the relative positions of the groups. 

Other transformations have also been studied involving the migration of the 


CH— and retention of optical activity. 
CH,” 
3 


optically active radical 


Dr. T. S. Stevens.—A general type of intramolecular rearrangement. 


The thermal rearrangement of amino-oxides (Meisenheimer) is typical of many 
in which (formally at least) the ‘ destination’ of the migrating radical is a lone 


electron-pair : 


Ph Ph 
:O:N:Me :O:N:Me 
R R 


contrast the Whitmore scheme in which the destination is an incomplete octet. 
In general terms we have 
A—B A—B 
oe ee —> ee ee 
R R 


- - ¢ + 

and cases have been realised in which A—B is O—N, C=N, N—S, S—O, S—O. 

Further the lone pair on A may arise through the removal of a proton by an 
alkaline reagent : 


NaOH 
PhCOCH,NMe, PhCOCHNMe, PhCOCHNMe, 
| | 


R R R 


and we can thus add the cases CN, C—S, C—N, C—O. The formal analogy 
between these diversified changes is reinforced by the similar influence of analogous 


structural alterations on the course of the reaction. 
To many of these rearrangements there correspond formally analogous inter- 
molecular migrations of groups, but it is possible to doubt if these analogies are more 


than formal. 
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METAMORPHISM AND IGNEOUS ACTION 


ADDRESS TO SECTION C.—GEOLOGY 


By Pror. H. H. READ, D.Sc., F.R.S. 
PRESIDENT OF THE SECTION. 


Und dass mich zuweilen bediinken will, gar manche der vielgepriesenen Wunder des 
Metamorphismus diirften recht passenden Stoff zu einem 16. Buche der Ovidischen 
Metamorphosen liefern. (C. F. NAUMANN, 1858.) 


On many counts it is fitting that the subject of the metamorphism of rocks 
should be dealt with at a meeting in Dundee. In the first place, on Novem- 
ber 14, 1787, there was born at Kinnordy, near Kirriemuir, less than a score 
of miles north of this city, that self-confessed ‘ loudest and most indefatigabie 
squaller of all the brats of Angus ’ who gave us the term itself—I refer, of course, 
to the illustrious Charles Lyell. Again, beyond Kirriemuir and the lowlands 
of Strathmore, which are underlain by the Old Red Sandstone, most Scottish 
of rock-formations, begin the Highlands, composed for the greater part of 
metamorphic rocks. Time was when marauders from these fastnesses raided 
the fatter lands of the south, and a body, worthy perhaps of a more dignified 
title, once penetrated as far as Derby. It is a matter of observation that their 
modern and, on the whole, more polite descendants still take the English road 
and, moreover, have reached still farther south. But when we consider the 
geological traffic, the movement is and always has been in the reverse direc- 
tion. For a century, English geologists have been attracted by the unlimited 
scientific riches of the Highlands. They have penetrated as yet only as single 
spies ; they will come I hope as battalions—for there is loot for all. Who 
knows but that the true value of this invasion from the south far outweighs the 
more material spoils which are sent northwards by the Scots ? 

Among these English invaders, I wish to single out George Barrow (1853- 
1932), who, in the Highlands of Angus, Kincardine and Aberdeen, north of 
this city, made discoveries so far in advance of his time that they have only 
recently been rediscovered. Barrow made mistakes too ; let those who would 
belittle his work on this account ponder Edward Greenly’s ‘ Orders of Validity 
in Geological Theory ’—but he contributed many major ideas to metamorphic 
geology, ideas concerned with metamorphic zones, with filter-press action in 
igneous injection, with the relation between metamorphism and igneous 
intrusion, and so forth. Bearing in mind the main theme of these present 
remarks, I desire to pay this tribute to Barrow’s work and memory. 

To Lyell, who introduced the term in 1833, ‘ metamorphic ’ meant trans- 
formed. In that he coined a special word, it seems clear that he did not 
intend all rock-transformations to be included in metamorphism. Some 
modern extensions of metamorphism to cover weathering, cementation, and 
the like appear to destroy whatever justification Lyell’s special term had. 
From the beginning Lyell considered that metamorphism was _ closely 
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connected with some kind of igneous activity. The metamorphic rocks ‘ had 
been modified by plutonic agency under pressure in the depths of the earth.’ 
Again, ‘they must lie at the bottom of each series of superimposed strata, 
because the influence of the volcanic heat proceeds from below upwards.’ 
In the Principles it is stated that, in metamorphism, ‘ the transmutation has 
been effected by the influence of subterranean heat acting under great pressure, 
and aided by thermal water or steam and other gases permeating the porous 
rocks, and giving rise to various chemical decompositions and new combina- 
tions.” In the Elements of 1838, the importance of magmatic gases is clearly 
expressed. Such gases are considered to have permeated the earth’s crust in 
a belt ‘thousands of fathoms in thickness,’ and it is suggested that ‘ their 
heating and modifying influence may be spread throughout the whole of this 
solid mass.’ Lyell’s views, written a century ago, bear a strangely modern 
look. 

In the development of ideas on metamorphism since Lyell’s time, we see 
emphasis laid upon the dominance in rock-transformation of one physical 
factor or the other, as in the expressions dynamic metamorphism and thermal 
metamorphism, or upon spatial considerations, as in regional metamorphism or 
local metamorphism. The content of metamorphism becomes enlarged to 
include weathering and the like, or contracted to exclude simple crushing. 
Recrystallisation is regarded as an essential in metamorphism by one master, 
and as not requisite by another. According to one school, the chemical 
composition of rocks undergoing metamorphism is not changed ; according 
to another it can change to almost any extent. The definition of the term 
itself, and of the phases of metamorphism, are the subjects of dispute. This 
lack of uniformity, which still exists, may give pain to some, but for my part 
I regard it as a sign of vigorous growth—metamorphic geology without con- 
troversy would be moribund. Moreover, I appreciate fully and often a remark 
of Jacques de Lapparent, ‘le bon-sens d’aujourd’hui, qu’on nomme parfois 
vérité, n’est pas nécessairement le bon-sens de demain.’ 

This diversity of opinion is due to certain fundamental and human causes. 
The development of an observational science like geology depends upon the 
personal experience of individual workers. I suggest that, with certain 
reservations that need not be considered at this moment, the best geologist is 
he who has seen most rocks. In the rather intricate field of metamorphic 
geology, specialisation comes early and continues. A metamorphic geologist 
who has investigated a Scottish injection-complex, for example, spends his 
vacations visiting injection-complexes in Finland, the Pyrenees, and elsewhere : 
his view of the whole field of metamorphism is coloured by his knowledge of 
injection-complexes ; if the reader persists to the end of this Address he may 
recognise an example of this. 

This limited experience, in even the most competent geologists, has left 
its mark on the flux of ideas on metamorphism. We find there the personal 
experience of the masters, restricted though it must be, giving a bias to their 
concepts of the whole field of rock-transformation. This led to the rise of 
schools of thought which were, curiously enough, markedly nationalist in 
character. A brief examination of these national schools will serve to show 


the development of metamorphic geology, so far as my special topic is 
concerned, prior to the Great War. 
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In 1877, Rosenbusch of Heidelberg published his classic account of the 
thermal or contact metamorphism around the Barr-Andlau granite in the 
Vosges. He found there no evidence for transfer of material from the intrusive 
granite into the surrounding country-rocks, and proceeded to apply his con- 
clusions to all granite contacts: permeation by magmatic juices was impossible. 
The great authority of Rosenbusch led to the adoption of this doctrine not only 
in Germany, but also in other countries ; we find it still lingering in our own. 
Meanwhile, Lossen (1859), Lehmann (1884), and others in Germany had 
dealt with rocks in which movement was held to be responsible for their 
metamorphism, and Lossen had proposed the term dislocation-metamorphism 
for what Rosenbusch later called dynamic metamorphism. For Rosenbusch 
and the orthodox German school, therefore, there were two kinds of meta- 
morphism,—first, contact-metamorphism of Barr-Andlau type, and second, 
dynamic metamorphism in which pressure was the operating factor, this 
pressure being essentially orogenic in character. Even in Rosenbusch’s 
own time, some of his compatriots, such as Lehmann himself, resisted his 
dictatorship, and during the first decade of the present century many examples 
of transfer at granite contacts, injection and assimilation, had been described 
by German workers, e.g. Chelius, Erdmannsdorffer, Gabert, Giirich, Klemm, 
Lepsius, Philipp, Sauer, Schwenkel, Steinmann, Weber and others. 

In France there had developed meantime a powerful school with tenets 
completely opposed to those of Rosenbusch. As early as 1844, Violet d’Aoust 
had used the expression roches d’itmbibition, an expression that has played a great 
part in French ideas on metamorphism ever since. From their studies, during 
the ’80’s and °90’s, of granite contacts in the Pyrenees, Brittany, and elsewhere 
in France, Michel-Lévy, Lacroix, Barrois, and others concluded that the 
country-rocks adjacent to the advancing magma had been changed in chemical 
composition by the influence of mineralising agents, volatiles and solutions, 
so that finally they approached granite in character. The original granitic 
magma (not to be confounded with the granite rock) combined with the 
country-rocks either by imbibition (permeation) or by lit-par-lit injection. 
Passages from country-rock through mica-schists of various types to granite- 
gneiss, gneissose granites, and finally granite, were described. The original 
granitic magma advanced by conversion of its country-rock into granitic 
material and the incorporation of this into the main body of moving magma. 
Granitisation or felspathisation was established as a petrogenetic process. 

Many of the products of these injection and granitisation processes were 
foliated or gneissose in structure. According to the French, therefore, gneisses 
were not the result of a dynamic metamorphism in which the source of the heat 
was to be sought in the mechanical work produced during folding, as Lehmann 
and other German authorities believed, but such rocks derived the heat 
necessary for their formation from the uprise and injection of magmatic 
material. As Michel-Lévy remarked, contact metamorphism at considerable 
depths becomes confluent with regional metamorphism. 

The bitterest opponent of dynamic metamorphism among the French, 
however, was Termier (1903, 1910). In 1903 he declared, ‘le dynamo- 
métamorphisme n’a pas maintenant d’adversaire plus acharné que moi,’ and 
proposed that the term should be abolished. Dynamic action deformed, 
but it did not transform, and mylonitic rocks were its only product. Termier’s 
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views with regard to regional metamorphism and granitisation differed in 
many respects from those of his countrymen. He agreed that no one could 
reasonably doubt that in the formation of the true crystalline schists there 
had been an afflux of elements from the depths which had chased the old 
elements before them, and that many gneisses, especially those containing 
xenoliths (segregations according to Termier) had attained some slight degree 
of fluidity which permitted an orientation of their components. He agreed 
also that the production of the crystalline schists was concerned with depth of 
burial in the geosyncline, but that depth alone was not sufficient. The 
causative factor was the arrival from below, in colonnes filtrantes, of juvenile 
liquids bringing with them various gases, silicates and borates of the alkalies ; 
the temperature of the geosynclinal sediments increased rapidly, eutectic 
mixtures went into solution first, the old elements in excess of the eutectic 
proportions fled before the colonne filtrante and displaced other elements in 
their turn ; true magmas were formed here and there—of all dimensions, 
increasing with depth ; in the upper parts, the geosynclinal sediments were 
recrystallised without change of chemical composition, and passed downwards 
into gneisses and, upwards and laterally, into less metamorphosed rocks ; 
the still liquid ‘ magmatic’ portion was intruded at higher levels in cross- 
cutting form. Termier employed his famous metaphor: the production of 
regional metamorphism can be likened to the unequal spreading of a spot of oil 
in a pile of cloths, the spreading being governed by the different permeabilities 
of the layers of the pile. Regional metamorphism, therefore, was not caused 
by igneous intrusion ; it was not a more extensive form of contact meta- 
morphism. When regional metamorphism and igneous intrusions occurred 
together, they were two effects of the same cause, the rise of the colonnes 
filtrantes. The production of igneous rocks was only an episode in regional 
metamorphism. In Termier’s beliefs we see the germs of many doctrines of 
to-day. 

Turning now to the contributions from Austria and Switzerland, we must 
acknowledge the pre-eminent work of Becke of Vienna, especially in the petro- 
graphy of the metamorphic rocks. In dealing with the crystalline schists of 
the Waldviertel (1910) he wrestled with one of the great problems of meta- 
morphic geology—a problem that we shall encounter again and again in 
this Address—and that is, the coincidence of schistosity with primary structures 
such as bedding, and the horizontal attitude of such metamorphic rocks over 
considerable areas. He found it difficult to explain the widespread horizontal 
schistosity by tangential pressures, but the parallel structures seemed scarcely 
understandable without invoking directed pressure ofsome kind. He suggested 
the operation of something akin to contact-metamorphism—not related to 
any visible igneous body, but rather due to the hot interior of the earth ; only 
local injection-metamorphism was observed by him in the Waldviertel. Here 
we have a return to ideas as old as Hutton. Thirty years before, Becke had 
considered that two types of dynamic metamorphism were recognisable, one 
at shallow depths, which gave rise to propylitic rock-types (the epi-schists of 
present-day nomenclature) and another at much greater depths which yielded 
products like those of contact-metamorphism. In 1903, in one of the most 
outstanding contributions to metamorphic geology of any age or country, he 
developed these ideas on depth zones—ideas which now play so fundamental 
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a part in the study of the metamorphic rocks. In 1878 Heim of Ziirich had 
distinguished between an upper zone of the crust in which rupture took place, 
and a lower zone of plastic flow; twenty years later, van Hise of U.S.A. 
examined the physical-chemical factors in the two zones, the upper of fracture, 
the lower of flow, and showed that in a general way reactions took place in 
the upper zone with liberation of heat and increase of volume, and in the 
lower zone with absorption of heat and decrease of volume. Becke, in his 
remarkable paper of 1903, showed how the mineral associations and textures 
of metamorphic rocks depended upon the pressure-temperature conditions 
prevailing at the time of their formation. He utilised the Volume Law, first 
proposed by Lepsius (1893), to demonstrate that increase of pressure led to 
the formation of minerals of higher specific gravity ; pressure increased with 
depth. ‘Temperature, too, increased with depth, and the most important cause 
of this was the approach to the internal heat of the earth. Becke gave two 
zones, an upper, where the formation of hydroxyl minerals was possible, and a 
lower, where hydroxyl minerals could not be formed. Becke’s zones have been 
expanded, elaborated and defined, chiefly by Grubenmann and Niggli of 
Ziirich. In the upper, or epizone, temperature was low, hydrostatic pressure 
small, directed pressure either very strong or lacking, and the style of the 
metamorphism is dominantly mechanical with the formation of hydrous 
silicates ; in the mesozone, the temperature was higher, hydrostatic pressure 
higher, directed pressure weaker and the metamorphic style is characterised 
by chemical reactions ; in the deep or katazone, temperature was very high, 
hydrostatic pressure very high, directed pressure weak or absent and the meta- 
morphic style is characterised by the presence of many minerals akin to those 
of igneous rocks and by a but poorly-developed schistose texture. Suggestions 
of the depth control of metamorphism are as old as Lyell, and references to 
shallow and deep zones of metamorphism are abundant throughout the history 
of metamorphic geology. In my opinion, the association of depth with meta- 
morphic zones of this type, as in the expressions depth-zone and Tiefenstufe, 
may occasionally lead to unfortunate results. I return to this topic in later 
pages, but I may remark here that Tiefenstufe at least does not occur in the 
index to Grubenmann-Niggli’s Die Gesteinsmetamorphose of 1924. 

I return to Switzerland in my historico-nationalist amble through Europe, 
to mention certain ideas first of Weinschenk and then of Koenigsberger. 
Weinschenk (1901, 1902), in dealing with the granitic gneisses of the Alps, 
was concerned with a very old question indeed, namely, whether such gneisses 
are completely primary igneous rocks. The intrusive masses must have 
exercised a metamorphic action upon the adjacent rocks, and the sedimentary 
cover retained its original structures on this metamorphism—a circumstance 
readily explained by contact-metamorphism, but rather difficult to harmonise 
with dynamic action. The difference between ordinary contact-metamorphism 
and the Alpine metamorphism of Weinschenk is the evidence for the activity 
of great pressures during the latter and the tendency of the rocks produced 
thereby to occupy less volume ; recrystallisation after folding is often demon- 
strable. To explain these observations, Weinschenk suggested that orogenic 
pressures were operative during the intrusion and solidification of the granitic 
magma. Under such oriented pressures, the magma kernel was compressed, 
the early-formed minerals were oriented, and minerals of smallest molecular 
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volume were formed—all typical of a process styled piezo-crystallisation by 
Weinschenk. Further, as the magma continues to solidify under pressure, the 
residual volatiles are expelled at a high temperature into the already folded 
sedimentary cover where they contribute to its metamorphism—a process of 
piezo-contact-metamorphism. 

Weinschenk suggested that regional metamorphism is largely an affair 
of piezo-contact-metamorphism. ‘These views did not find favour with Becke, 
who gave an alternative explanation—the metamorphism followed immedi- 
ately on the consolidation of the magma and therefore the transformation was 
effected in the presence of abundant juvenile water and other mineralisers ; 
in such an environment, thorough metamorphism is easily achieved, whilst 
mechanical phenomena will be lacking. Further, Berg (1910), for example, 
considered that the original crystallisation from a fluid under pressure, which 
can only be hydrostatic, cannot be proved to be essentially different in structure 
from that under normal circumstances. 

Koenigsberger (1910) proposed an interesting classification of the crystal- 
line schists. The formation of crystalline schists containing such minerals 
as andalusite, cordierite, sillimanite, garnet, staurolite, biotite, orthoclase, 
etc., with sieve-structure, results from a lengthy intrusion of igneous material 
at a high temperature. Such rocks (let us say those of Becke’s lower zone, 
or of Grubenmann-Niggli’s meso-kata-zones) are grouped with migmatites 
as contact-metamorphic schists. Koenigsberger has a second group, labelled 
dynamo-metamorphic schists, which includes first, mylonites and second, 
true regional-metamorphic schists. This last-named sub-division is an 
interesting one; it includes the rocks of Becke’s upper zone or of 
Grubenmann-Niggli’s epizone. Koenigsberger suggests that they should 
be called tele-intrusion-schists. They are formed, as it were, in the outer- 
most parts of contact-aureoles in connection with the movement of igneous 
masses. It seems to me, therefore, that with the exception of mylonitic 
and similar rocks, the rocks of all metamorphic zones would be considered by 
Koenigsberger to be connected with igneous activity. 

We may now proceed northwards into Scandinavia, where contributions 
of the first magnitude were being made to the study of metamorphism. In 
Finland, Sederholm (e.g. 1907, 1913, 1923, 1926) in a lengthy series of masterly 
memoirs based on detailed field-observation, had dealt with the complexities 
of the Finnish Pre-Cambrian, and had come to occupy a position very similar 
to that of Michel-Lévy, Lacroix and Termier in the French School. He 
opposed Rosenbusch and the ‘ micropetrological school of Heidelberg’ ; could 
not agree wholeheartedly with Weinschenk’s views on piezo-crystallisation ; 
regarded Koenigsberger with suspicion and, as we shall see immediately, 
looked with complete distrust on certain Swedish interpretations of the Archean. 
Metamorphic geology was flourishing in the North. 

Though Sederholm was one of the first to regard grade of metamorphism 
as a function of depth, he rejected the Volume Law and conclusions based upon 
it. Garnet, for example, could not be employed as a geological barometer. 
The importance of pressure in metamorphism had been grossly exaggerated ; 
‘the original features often remain so unchanged that not even faults of a 
millimeter’s length may be detected.’ Cataclasis is a destructive process : 
it does not create new minerals and rocks ; Sederholm considered the use of 
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the term dynamo-metamorphism to be far too wide, and recommended that 
it should be employed only when the facts of the case warranted. Agreeing 
with the French School, he recognised that solvents are essential in meta- 
morphic changes and that they are exudations from igneous magmas. The 
metamorphism of the Finnish Archean was therefore regional contact- 
metamorphic. 

Sederholm, during his long field-experience, dealt with a series of granite 
contacts of astounding complexity. He preferred to take granite magma as 
available, without considering how, where or when it might have been formed. 
By processes of penetration and injection, in which the magmatic juices or 
ichors played a large part, the granitic magma mixed with the country-rocks 
to give a great variety of mixed rocks,—the migmatites. Sometimes the magma 
advanced by Termier’s tache d’huile mechanism ; certain permeable layers 
of the bedded rocks became metasomatically changed to rocks of typical 
aplitic or granitic composition. The process of forming granitic masses by 
emanations from an abyssal magma was called anatexis,—a re-fusion or re- 
solution ; often a rock undergoing anatexis was endowed with a new capacity 
for intrusion—such reborn ‘ magmatic’ rocks were styled palingenetic. The 
Finnish migmatites, like their French analogues, are often striped and foliated 
gneisses and inherit these textures from the original schistose rocks which have 
been replaced during the granitisation. Anatexis and the formation of mig- 
matites occurred at various times in the deep Archean zone of Finland, where 
Sederholm suggests that denudation may have penetrated 100,000 feet, or 
even more. 

These anatectic processes were considered by Sederholm to surpass ordinary 
metamorphism in potency and thus to come within what Holmquist of Sweden 
had called ultra-metamorphism. Anatexis implies that part of the material 
of the younger rock has been derived from an older rock. The question as to 
the importance of this part developed into a discussion between Sederholm 
and a Swedish school led by Holmquist, Hogbom and others. Sederholm 
considered the veins of the veined gneisses (his arterites) as of igneous origin, 
to be connected in all cases with some known granite plainly in evidence. 
The vanguard of pegmatitic veins advances before the great army of the 
granitic magma, and in some cases joins with revolutionary forces of the country 
invaded. In the opinion of the Swedish school of ultra-metamorphism, 
however, the veins were mainly exudates from the surrounding rocks—an 
application of the classic lateral secretion notion ; they are due to the action 
of revolutionaries, operating in their own country, on their own initiative, 
and without material help from outside. Holmquist (1907, 1908, 1910, 1920, 
1921) regarded the production of veined gneisses (his venites) as a further 
stage of regional metamorphism, and related to the inner deformation of the 
rocks: they were ultra-metamorphic. True arterites, i.e. those related to 
igneous injections, were quite subordinate in amount, and were absent from 
most igneous contacts. Holmquist agreed that in regional metamorphism 
the rocks were flooded with solutions, and that in areas where folding and 
magmatic injection were contemporaneous, conditions for ‘ pegmatitic’ vein 
formation are ideal—high pressure, high temperature, and abundance of 
mineralisers. The difference in principle between this conception and 
Sederholm’s anatectic re-fusion at great depths seems to me to be slight. 
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In his consideration of venites, however, Holmquist was not concerned only 
with gneisses penetrated by veins of pegmatitic aplitic or quartzo-felspathic 
composition, but dealt also with veins in all kinds of rocks. He showed that 
many veins are related in composition to the rocks in which they occur— 
quartz-veins in quartz-rich rocks, calcite-bearing veins in calcareous rocks, 
quartzo-felspathic veins in the Swedish quartzo-felspathic leptites ; clearly 
lateral secretion had been at work. He demonstrated thereby the processes 
now styled metamorphic diffusion and differentiation—processes studied 
especially by Stillwell, Eskola, Read, Hess, McCallien, and others. Further, 
in discussing the palingenetic formation of pegmatites in high-grade gneisses, 
Holmquist referred to the ‘ real fusion of the most fusible rock masses,’ sug- 
gested that quartz and felspar are the first to liquify, and recalled the earlier 
proposals of the Americans, van Hise, Lane and Daly. This principle of 
selective re-fusion, again, is one which in the hands of Eskola, Wegmann, 
Backlund and others, has come to play an important part in petrogenesis and 
metamorphic geology ; I refer to it on a later page. 

Before dealing with the British contributions to the development of the 
special aspects of metamorphic geology which concern us here, I make neces- 
sarily brief reference to contributions by North American geologists. During 
the period which I am considering now—up to about the Great War—American 
investigations of special interest to us fell into two main classes: the one 
essentially American and concerned with transfer at igneous contacts, the 
other dealing with injection-metamorphism and granitisation after the manner 
of the Scandinavians and French. 

The association of certain ore-deposits with contact-metamorphism had 
been described in the Banat district of Hungary by von Cotta as early as 1865, 
and later von Groddeck proposed a group—those of Christiania type— 
formed through processes of contact-metamorphism. At the turn of the 
century, many large contact deposits were described and discussed from the 
American Cordillera and the mechanism of these pyrometasomatic deposits 
was placed upon a firm ba‘is. The magnificent work of Lindgren and a 
score of other mining geologists in the great mining camps of Arizona, Utah, 
Montana and adjacent States showed that such deposits had been formed at 
high temperatures by emanations from igneous intrusions, usually of grano- 
dioritic or monzonitic character, which passed in great volume into the ad- 
jacent limestones. At the contacts, skarns, associations of iron-rich silicates, 
calc-silicates and ore-minerals, were formed ; in some cases these skarn 
minerals were later than the normal contact-metamorphic minerals, in others 
no time difference was recorded. Transfer at igneous contacts was unequi- 
vocally demonstrated. The work of the American mining geologists was of 
first-class importance, also, because it threw light on the processes of metaso- 
matism or replacement, and demonstrated the control of pressure and tem- 
perature in the formation of ore deposits due to emanations from igneous 
magmas. 

Turning now to the second group of American contributions, we may first 
recall that J. D. Dana in 1886 considered that gneisses had been formed by 
metamorphic action in which a state of re-fusion had been reached ; ad- 
mittedly, Dana thought too that many other rocks, granite, norite, diorite 
and so forth, had arisen by the same process. The most important work of 


| 
| 


231 


this time, however, was that of Lawson in the Lake of the Woods (1885) and 
Rainy Lake (1887) areas of Canada. Lawson described annular belts of 
mica-schists around granite-gneiss cores ; the foliation of the cores was due 
to crystallisation whilst the magma was moving slowly under directed pressure, 
and to the same dynamic action he ascribed the production of the schistosity 
in the sedimentary envelope—though he cites innumerable cases where 
schistosity is parallel to original bedding. The granite magma was due to 
fusion in the deeper parts of the geosyncline. In 1910, F. D. Adams and Barlow 
published their important monograph on the Haliburton and Bancroft areas 
of Ontario, where conditions were in part very similar to those found by 
Lawson. ‘They saw no reason to reject Lawson’s conclusions concerning the 
formation of granitic magma by re-fusion and the production of foliation in 
the granitic gneisses by movements during intrusion of this magma; _ they 
attributed the regularly banded gneisses to streaking-out of amphibolite 
inclusions during such movements. They considered that transfusion (their 
word) of certain constituents of the granite magma into the limestone had 
given rise to amphibolites and pyroxene-gneisses of various kinds and instituted 
a comparison with Lindgren’s pyrometasomatism. ‘Though they correlated 
their results with certain observations by Lacroix in the Pyrenees, they were 
unable to admit that sediments could be changed in situ into granite. Finally, 
we may quote Adams’ statement at the 1910 Geological Congress at Stockholm : 
‘we have in the great volume of igneous magma rising from the deeper 
portions of the earth’s crust one of the primary agencies, if not the chief agency, 
of metamorphism, which metamorphism may manifest itself, although with 
decreasing intensity, for great distances from the actual intrusion itself.’ At 
this same Congress, Coleman declared that no case was known in Canada 
where metamorphism was entirely due to deep burial ; igneous rocks were 
always present in or beneath the sheet of sediments. These views may be 
contrasted with those of van Hise (1898), who admitted that the schists 
surrounding batholiths were identical with those considered by him to -be 
produced by regional dynamic action ; he held that the requisite conditions— 
movement under sufficient pressure, moderate temperature and presence of 
water—were available in the two cases in quite different ways. 

Before leaving this topic of the origin of gneissose banding, I desire to make 
reference to the stimulating paper of Fenner (1914) on the mode of formation 
of certain gneisses in New Jersey. Fenner described in detail a limited area 
of an injection-complex. He showed that the dark minerals of the granitic 
part had been derived from the country-rocks, that the banded gneisses were 
composite rocks formed by lit-par-lit injection and by absorption of magmatic 
material by the country-rock, and that directed pressure had not been operative. 
He dealt with the question of reconciling the existence of large thin tabular 
inclusions, standing erect and unsupported in the granitic rock—and thus 
denoting a viscous magma—with the undoubted permeation which demanded 
extreme fluidity, and concluded that gradual substitution had taken place 
rather than the violent intrusion usually pictured. The invasion of the magma 
was preceded by the advance of a wave of metamorphism into the country- 
rock, whose composition was changed, both by the deposition of magmatic 
minerals and by the removal in solution of certain of the old constituents, till 
it approached that of the magma itself ; blocks of country-rock, so changed, 
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were easily assimilated by the magma. Fenner emphasised the importance 
of gas-fluxing on the country-rock, a topic to which he returned in 1932, as 
mentioned at a later stage in this Address ; a rock with pores too small to admit 
the main magma could admit magmatic gases. 

I wish now to deal with the British contributions on the special topics of 
this address. We can consider in the first place Judd’s concept of statical or 
static metamorphism, though it is true that we shall wander very far afield 
in this consideration. Judd (1889) recognised a tendency in his time to over- 
emphasise the importance and validity of dynamic metamorphism. He 
proposed his term statical metamorphism to cover those changes resulting from 
pressures which do not effect movements in the rock-masses, and are therefore 
related to the weight of a superincumbent load ; such changes went on at 
great depths and under enormous pressures. It is important to realise that 
Judd considered that such static metamorphism had as its most potent agency 
the penetration of the whole mass of the rocks by various liquid and gaseous 
solvents. 

Judd’s concept was discussed and elaborated by various geologists in Europe 
and America. A most important contribution was that of Milch (1894) of 
Breslau, in which he distinguished between dislocation-metamorphism and 
load-metamorphism. In the former, pressures tangential to the earth’s 
surface were concerned, mechanical phenomena were dominant and the cause 
was patently tectonic. On the other hand, load-metamorphism resulted from 
the vertical pressure of the overlying beds and no mechanical effects were 
evident. Contrasted with the local and irregular development of dislocation- 
metamorphism, the effects of load-metamorphism were widespread. Milch 
drew attention once more to the old problem—the metamorphism of undis- 
turbed beds and the coincidence of schistosity and bedding—and solved it by 
load-metamorphism. 

In America, van Hise (1898) employed static metamorphism to cover 
molecular dynamic action where interchange between molecules had taken 
place, rather than the deformation characteristic of mass dynamic action or 
dynamic metamorphism. According to van Hise, the distinctive features of 
static metamorphism were the growth of large individuals, irregular grain-size, 
and the preservation of original textures. The question of the validity of 
static or load metamorphism has been discussed at length by Daly (1917) of 
Harvard, in his examination of the phases of metamorphism. Dawson (1901) 
had suggested that the widespread horizontality of the crystalline schists of 
Eastern Canada and certain features of the Shuswap rocks of British Columbia 
had ‘ been produced rather beneath the weight of superincumbent strata than 
by pressure of a tangential character accompanied by folding.’ Daly, in his 
independent investigation of the Shuswap terrane, came to the same conclusions 
concerning the eficacy of load-metamorphism. He quoted a score of examples 
of areas of crystalline schists from all over the world where no evidence of 
crustal deformation was to be observed, where the inclination was low, folia- 
tion and bedding were coincident, and where the grade of metamorphism was 
not related to the degree of deformation. All these phenomena Daly felt to 
be ‘ truly inexplicable by pure dynamic metamorphism,’ but readily explained 
by load-metamorphism. In particular, the parallelism between schistosity 
and bedding, no matter what the attitude of the metamorphic rocks may be, 
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is difficult to explain by the tangential force of intense orogenic movements. 
I return to the topic of load-metamorphism on a later page. 

Before considering the work of George Barrow in Scotland, I may first 
recall the studies of certain other British investigators in injection-complexes 
and their views on granitisation and related topics. I have no time here to do 
more than mention the ideas of Clifton Ward (1875, 1876) and A. H. Green 
(1882) on the metamorphic origin of granite. Green suggested that ‘ bedded ’ 
granite had arisen in situ by metamorphic processes, whilst ‘ amorphous ’ 
granites, in which bedding had been lost, marked a more advanced stage of 
metamorphism ; intrusive granites were attributed to a still greater degree of 
energy in the transformation process. Very similar notions concerning the 
origin of the Lake District granites had been propounded by Ward. As we shall 
see, these ideas are still active though in a modern dress. 

In 1896, Horne and Greenly gave an account of a portion of the great 
injection-complex of Sutherland in the Northern Highlands—an injection- 
complex with which I have been intimately concerned in recent years. They 
showed that a series of phenomena were coincident, namely, increases in 
quantity of granite in the complex, in its intimacy of relation with the country- 
rocks, in the grain-size of the crystalline schists and in the abundance and 
perfection of sillimanite. They concluded that the causes which brought 
about the introduction of the granite also resulted in the high-grade type of 
metamorphism. ‘They believed, however, that though the granite injections 
were Closely associated with the metamorphic processes they yet most likely 
found the country-rocks already crystalline schists. In discussing the origin 
of the foliation of the granites, they considered that the biotite folia, the 
foliation-makers, were relics from the country-rocks, the quartzo-felspathic 
elements of which had been incorporated in the granite magma. 

Horne and Greenly quoted (as I did with great approval in 1925) from a 
report (1893-94) of Hugh Miller, junior, who dealt also with the Sutherland 
complex. This quotation, though lengthy, is well worth repeating: * The 
structures in the granites and granitic gneisses . . . are now found to be to 
a large extent imitation-structures, due to a simulation of the forms and struc- 
tural features of the country-rock . . . by granites that have by some means 
crept into their place. The process by which this replacement has been 
effected seems to have been, to a considerable extent, a development of crystal- 
line matter among the granulitic materials of the pre-existing schists and 
quartzite. In the earlier stages of the metamorphism the granitic substance 
has entered or by some means suffused the structure of the stone, appearing 
first (in the more porous parts of the country-rock, as it would seem) as a fine 
mottling of granitic particles. In further stages of the metamorphism the 
granitic matter, keeping for the most part to the folia of the pre-existing rock, 
has increased in knots and knotty strings, has entered planes, slide-planes, 
and the lines of contortion in contorted schists (without any apparent signs 
of crush), and so, filling the stone, thickens into bands and sills at the expense 
of the original rock, until the latter, almost altogether replaced, is represented 
only by inclusion-planes, and ultimately by inclusion-structure. In the 
granites thus produced there is simulated, so far as crystalline matter can do 
so, the fine layering of some parts of the [country- -rocks], and the coarse band- 
ing of others: there is also preserved in cast the rumplings and striation of 
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their surfaces, and to some extent also apparently their lines of cleavage . . 
the inclusion-structure (as well as the inclusion-planes) everywhere retains the 
same dip and strike as that of the country-rock. . . . Parts of these granites 
are in fact, to some extent not yet defined, pseudomorphs or granite casts, 
preserving within portions of their mass, as replacement structures, the remains 
of the structures of the pre-existing rock.’ B.N. Peach, my revered predecessor 
in this Chair, used to put it more briefly : the foliation in these rocks, he would 
say, is simply the grin of the Cheshire Cat. 

In a later paper dealing with the permeation of schists by granitic material, 
Greenly (1903) supported the view that the extension of the magma proceeded 
by quiet diffusion rather than by forcible injection ; only by such a sup- 
position could thin plane rafts of country-rock in the granite be explained. 
Here was an early expression of Fenner’s arguments to which reference has 
already been made. ‘Teall, that wise man, in the discussion on Horne and 
Greenly’s paper, observed that though every inch of the rocks of Sutherland 
was alive with movement, yet the crystallisation must have taken place after 
the movement had ceased. Grenville Cole (1902) in his investigation of the 
composite gneisses of Western Ireland reached a position similar to that of the 
Scottish workers. ‘The banded gneisses there were formed by the union, both 
mechanical and chemical, of igneous and stratified material, and the original 
structure of the bedded rocks was inherited by the gneisses. Later (1910) 
Cole referred to the production of banded gneisses as due to contact meta- 
morphism on a regional scale. 

I now take up in such detail as time allows the work of George Barrow 
in the Highland region north of this city. In a series of papers, reports and 
memoirs, appearing between 1892 and 1913, Barrow developed certain major 
ideas on the relation between igneous intrusions and regional metamorphism. 
He separated out two miain epochs of granitic intrusion in Angus and Kin- 
cardine, that of the Older Granites, a series of intrusions intimately associated 
with the production of metamorphism of one kind or another, and that of the 
Newer Granites, intruded entirely later than any metamorphism and respon- 
sible for only a local and low-grade alteration of the crystalline schists already 
formed. Certain portions of the Older Granite magma, such as the Ben 
Vuroch granite, consolidated before the general metamorphism ; the hornfelses 
due to this early stage were for the most part destroyed by the crushing move- 
ments of the general metamorphism, but their relics were to be found in all 
areas flooded by this early magma. Later intrusions belonging to the Older 
Granite series raised the whole area to a very high temperature and were thus 
responsible for the high-grade metamorphism of the rocks in which they occur. 
These later portions of the Older Granite magma appeared in an enormous 
number of small intrusions, and in places they permeated the country-rocks 
and formed with them injection-complexes of various types. During the 
consolidation of many of these portions, pressure was operative, and from the 
partly crystallised magma were squeezed out the liquid residuals. By this 
mechanism there arose a north-western belt of oligoclase-biotite-gneiss, repre- 
senting the material already crystallised when the pressure came into action, 
and a south-eastern belt of pegmatitic rocks, rich in microcline and muscovite, 
representing the strained-off potash-rich fraction. Differentiation by filter- 
press action had been at work. 
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At an early stage in his investigations, Barrow observed that in the areas 
flooded by the main Older Granite magma, the country-rocks showed an 
extremely high grade of metamorphism characterised by sillimanite-gneisses. 
Just as the Older Granite itself changed, as already noted, from the north- 
west to the south-east, so did the grade of metamorphism: the high-grade 
sillimanite zone of the north-western belt was followed south-eastwards by 
lower grades, first that with kyanite and then that with staurolite. Barrow 
(1893) considered it ‘reasonable to attribute both the minerals and the 
crystallisation to the thermometamorphism of the intrusion.’ He finally 
established seven zones of increasing metamorphism, marked by the incoming 
of an index mineral in rocks of pelitic composition. Going in from the High- 
land Border towards the central areas of Older Granite, he mapped out the 
following : (1) zone of clastic mica, (2) zone of digested clastic mica (chlorite 
zone of present-day nomenclature), (3) biotite zone, (4) garnet zone (alman- 
dine zone of to-day), (5) staurolite zone, (6) kyanite zone, (7) sillimanite zone. 
This progressive series began with slates affected by pure dynamic meta- 
morphism and finished with coarse-grained sillimanite-gneisses associated 
with the Older Granitic intrusions. The whole series of zones was to be 
regarded as in the nature of gigantic contact-aureoles around intrusions of the 
Older Granite. 

By this remarkable series of investigations, Barrow made three outstanding 
contributions to metamorphic geology, namely, those concerning filter-press 
action, zones of progressive regional metamorphism, and the association of 
high-grade metamorphism with granitic intrusions. Some of his conclusions, 
especially those dealing with his early hornfelsing and with the origin and 
metamorphic history of many of his granitic gneisses, are, in my opinion, 
definitely wrong, but his work has been the basis on which much modern 
progress has been established, and I desire, as I have done before, to pay a 
sincere tribute to his pioneer genius. I love, too, a bonnie fechter, and he was 
one of the bonniest. Like all of us, he suffered from his enthusiasms ; the 
Older Granites were all powerful, whilst the gigantic intrusions of Newer 
Granite were permitted to perform nothing but a low-grade metamorphism. 
This aspect of Barrow’s tenets was seized upon by his colleagues, and I trust 
I shall be forgiven, both by their author and by the manes of Barrow, if I 
quote two lampoons on this question which I have abstracted from the 
(unofficial) archives of the Geological Survey of Scotland. 

The first is a verse of a lengthy poem in which the eminent members of the 
Scottish Geological Survey of Barrow’s time are adequately dealt with. It 
runs : 

‘Mr. Barrow proclaimed with great volume of sound 
That the Old Magma flourishes all the world round. 
This intrusion the schists all around it does roast, 
And when it is absent it alters them most.’ 


The second extract is headed Brief for Defendant in New v. Old Magma, and 
States 

‘Take an imaginary line as straight as an arrow and as broad as long 
from Timbuctoo to Chicago—the hornfelsing is developed all along that 
line. 
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‘If the Older Granite, or any agent acting therefor, appears anywhere 
along that line, it proves that the hornfelsing is caused by the Older Granite. 

‘If the hornfelsing is absent from any or all points of the aforesaid line, it 
is negative evidence and proves nothing. 

‘If the hornfelsing occurs anywhere else than on the aforesaid line, it is 
not real hornfelsing. 

‘If the Newer Granite appears on or about the line, it proves that it has 
nothing to do with the hornfelsing.’ 

Whilst we smile at these japes now, let us hope that posterity will deal with 
the ideas of each of us as kindly as present-day metamorphic geologists are 
dealing with Barrow’s. 

I have now come to the end of my travels through the space and time of 
the development of metamorphic geology up to 20 years ago. I have endea- 
voured to place before you the pertinent contributions from the nations. I 
have, for obvious reasons, been compelled to make a selection, and in these 
queer times I am constrained to apologise to any individual or nation that feels 
aggrieved at its nature. We may now pass on to a discussion of the major 
ideas so briefly stated, and of their modern derivatives. 


The student of metamorphism learns very early that there is no kind of 
uniformity in the classification and definition of rock-transformations. He 
finds one dichotomy based upon space, as in regional and local metamorphism, 
another on mechanics as in static and dynamic or static and kinetic meta- 
morphism, a third on geological considerations, as in Grundgebirge and 
Deckgebirge metamorphism, and so forth. Furthermore, when he considers 
any particular type of metamorphism, he realises that whilst it may be possessed 
of an honest-looking title, yet this honesty is liable to become somewhat blown- 
upon when the numerous definitions concerned are examined. 

This is specially evident in connection with the term regional metamorphism, 
where several branches of different dichotomies become intertwined. The 
only common denominator in definitions of regional metamorphism—and one 
at least I feel we are entitled to expect—is that such metamorphism affects 
rocks over extensive areas. This having been admitted by all, then alleged 
genetic considerations come into play. 

Some geologists, Daubrée and Termier for instance, require that regionally 
metamorphosed rocks should arise by the action of hot emanations on deeply 
buried rocks; others, including Rosenbusch, Holmquist and the British 
School as represented by Teall and Flett for example, use the term as equivalent 
to dynamic metamorphism ; Harker considers that the essential of regional 
metamorphism is a conjunction of high temperature and intense shearing 
stress ; and still others, such as Geikie, Kemp and Clarke, maintain that the 
definition should state clearly that the transformation was not connected with 
igneous activity. Daly (1917), who has wrestled valiantly with these matters, 
approves of this last definition—regional metamorphism is that ‘ not caused 
by eruptive bodies,’ and its opposite is local metamorphism ‘ caused by 
eruptive bodies.’ For my purpose here, I propose to take the expression 
‘regional metamorphism ’ as meaning only and exactly what it says, namely, 
a transformation that has affected large portions of the earth’s crust. 

I have ncted in the preceding paragraph the equivalence, according to 
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Rosenbusch and others, of regional and dynamic metamorphism. Whilst I 
do not feel so bitter about dynamic metamorphism as Termier did, still I hold 
that its efficacy as a process of rock-transformation has been exaggerated. 
As we have seen, the forerunner of the term dynamic metamorphism was 
Lossen’s dislocation-metamorphism, a simple expression denoting a trans- 
formation genetically connected with dislocations of the crust. It is true that 
Lossen demanded that heated water should be active as well, but if we agree, 
as some (notably van Hise and Riecke) do, that any metamorphism is impossible 
without the activity of solutions, then Lossen’s demand was not unreasonable. 
Lossen’s old term would cover a large class of phenomena, such as the 
dominantly mechanical breaking-down of rocks, cataclasis, mylonitisation 
and the like, all connected with demonstrable dislocations. It must be 
remembered, however, that some authorities, Daly being among them, 
consider that recrystallisation is essential in all metamorphism, and exclude 
purely mechanical transformations. I do not sympathise with this exclusion 
and propose to continue to use dislocation-metamorphism for that class of 
phenomena I have mentioned. 

Rosenbusch, having replaced Lossen’s excellent term by his dynamic 
metamorphism, proceeded to make this the equivalent of regional meta- 
morphism and to regard orogenic pressure as its cause. Backed by the 
authority of Rosenbusch, dynamic metamorphism became fashionable, the 
dynamic aspect overshadowed all others and mountain-building movements 
could do all things requisite and necessary. It must be remembered, however, 
that Judd, Sederholm and others urged caution and, of course, many of the 
French were frankly sceptical ; nevertheless, the notion of a metamorphism 
on a regional scale ‘ induced in rocks because of their deformation ’ remains 
still a leading principle in many schools of metamorphic geology. Sometimes 
we have the notion in its purest form. For example, at Flin Flon, Canada, 
where a progressive metamorphism has achieved garnet, the cause is ascribed 
by Ambrose to heat developed by shearing. 

On the other hand, the emergence of ideas on a static or load metamorphism 
of regional extent, in which orogenic pressure is not a causal condition, indicates 
that all is not well with the supposed equivalence of dynamic and regional 
metamorphisms. Before discussing static metamorphism itself, I propose to 
deal with some of the difficulties raised by this equivalence. I take as my 
definition of dynamic metamorphism that given by Daly (1917)—‘ meta- 
morphism which is induced in rocks because of their deformation, the crustal 
movement being of the orogenic type’; it is a division of regional metamor- 
phism since it is ‘ not caused by eruptive bodies.’ 

In an earlier part of this Address, where reference is made to the work of 
Becke, Weinschenk, Sederholm, Milch, Daly and others, I mentioned certain 
facts commonly observed in regionally metamorphosed rocks but difficult to 
reconcile with the operation of pressures tangential to the earth’s surface. 
One of the chief of these observations is the coincidence of schistosity and 
bedding. As metamorphic rocks showing this coincidence are often hori- 
zontal over great areas, the notion of static or load metamorphism has been 
put forward. But, as I have already mentioned, Daly (1917) has cited a score 
of regions where schistosity and bedding agree—in folded and _ horizontal 
rocks alike. These are the phenomena that Daly felt to be ‘ truly inexplicable 


| 
| 
} 


238 


by pure dynamic metamorphism,’ an opinion with which I am in complete 
accord. It is true that some observers have questioned whether the banded 
appearance of many crystalline schists is to be interpreted as original bedding. 
For instance, it has been suggested that this banding may be due to flow of 
softened heterogeneous masses, or to the operation of some kind of differential 
diffusion whereby different components become lodged preferentially in certain 
bands. Again, Barth (1936), for example, in his account of the metamorphism 
of the Paleozoic rocks of Dutchess County, New York, looks with suspicion on 
the interpretation of layers of different composition in metamorphic rocks as 
representing original stratification, and prefers to emphasise the importance of 
shear-planes and subsequent crystallisations along them in the production of 
schistosity and foliation. While these, and other, explanations of banding 
may be valid for certain areas, still I believe that schistosity and stratification 
are coincident in a vast number of cases. My belief is strengthened by the 
considerations dealt with in the next paragraph. 

The preservation of original textures in rocks that have been completely 
recrystallised is a matter of common observation. There are innumerable 
examples of the preservation in regionally metamorphosed rocks of minute 
sedimentation-characters, such as graded bedding, current bedding, the inter- 
lamination of undisturbed, exceedingly thin, beds, and so forth—characters 
that should have been obliterated by the action of orogenic pressures. As an 
instance of how excellent this preservation may be, I may recall the successful 
use of current bedding and graded bedding by Bailey, McCallien, Read and 
others in unravelling the stratigraphical sequence in the Grampian Highlands. 
An additional and telling example is the recognition of varved bedding in the 
metamorphic rocks of Finland and Canada. It seems to me that such details 
of original textures cannot possibly be preserved if the rocks in which they 
occur were metamorphosed ‘ because of their deformation.’ I admit, of course, 
the operation of dynamic action in the production of various metamorphic 
rocks of low grade, but in these cases the original primary textures are com- 
pletely obliterated. Van Hise (1898) emphasised this aspect of dynamic 
metamorphism and held that complete destruction of original textures will 
result from comparatively little motion. I may cite from my own experience 
the entire absence of any sedimentary textures, apart from those afforded by 
a conglomerate-schist bed, in the Muness Phyllites of Unst in the Shetlands. 
This obliteration in low-grade metamorphism and preservation in high-grade 
metamorphism of original textures shake my faith in the unity of the pro- 
gressive series from the chlorite zone or epizone to zones of higher grade,— 
but this topic I reserve for a later page. Whether the topic arises at all depends, 
of course, upon the validity of the argument that the banding of metamorphic 
rocks represents in most cases an original bedding, and I consider the validity 
unquestioned. 

It may be objected that beds of different competencies will react differently 
to orogenic stresses, and that, for example, whilst original textures may be 
preserved in quartzose members they may be destroyed in pelitic rocks. 
Admittedly some accommodation may take place in the clay layers ; if this 
is effected during the metamorphic epoch, rotated porphyroblasts may be the 
result. The Abbildungskristallisation of Sander which we may translate as 
mimetic crystallisation and describe as a crystallisation in which the original 
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textures, bedding, etc., are in control of the orientation, is so common a 
phenomenon that it cannot be disregarded. 

Whilst stress is admittedly the dominant factor in the production of low- 
grade metamorphic rocks, there is agreement that its effect is small in the higher 
grades, where the products of regional and thermal metamorphisms converge, 
high temperatures being incontrol. There is no correspondence ( pace Ambrose 
and others) between the degree of deformation and the metamorphic grade, 
unless it be one of the greater the deformation the lower the grade. In this 
connection, I may cite the failure of experimental work, like that of Larsen 
and Bridgman (1938), to produce minerals characteristic of rocks supposedly 
formed by dynamic metamorphism. Stress, by itself, is not enough. 

No one can dispute the observed fact that regionally metamorphosed rocks 
are often more or less violently folded. ‘The inference so often made that the 
metamorphism and the folding are coeval is not, however, always justified. 
It seems to me clear, on the basis of the immediately preceding paragraphs, 
that most fold-structures in regionally metamorphosed rocks ante-date the 
crystallisation, this being post-tectonic in the terminology of Sander. 

I have dealt here with the contention that deformation causes regional 
metamorphism. It is necessary to remember that the converse, that regional 
metamorphism causes deformation, has been held to be true. I can only 
draw attention to Perrin’s (1937) recent discussion of this aspect, and make 
mention of Mellard Reade’s expansion theory of mountain-building and of 
Bailey Willis’s theory of metamorphic orogeny. Reade supposed that heating 
and metamorphism of the sediments in the deeper parts of the geosynclines 
gave rise to an expansion which expressed itself in folding and granitisation. 
This is essentially what was later suggested by Joly. On the other hand, Willis 
saw in the pressures exerted by the oriented growth of crystals during meta- 
morphism a sufficient cause for orogenic folding. 

Even from the foregoing inadequate discussion, it will be realised, I trust, 
that there are many features of regional metamorphism that are incompatible 
with dynamic action. The recognition of this has led to the invocation of 
static or load metamorphism, and I propose now to examine the validity of 
this notion. First, however, I must quote Daly’s definition: ‘static meta- 
morphism is that phase of regional metamorphism which is not induced by 
orogenic deformation’; load-metamorphism is the subdivision of static 
metamorphism which takes place at high temperatures. Remember that, 
according to Daly, regional metamorphism is ‘ not caused by eruptive bodies. 

One of the especial difficulties that has to be faced by advocates of a meta- 
morphism due to the vertical pressure of the overlying beds is the existence 
of cempletely non-metamorphic rocks which have nevertheless been covered 
by an immense thickness of superincumbent strata. From the innumerable 
examples available, I select a few. Chamberlin (1910) estimates that the 
Paleozoic rocks of Pennsylvania which have been involved in the Appalachian 
folding have been under a cover of from 4} to 6 miles in thickness ; in spite of 
this great depth of burial and of the intensity of deformation, they show none 
of the characters of regional metamorphism. Daly has noted the almost 
complete absence of recrystallisation in the Lower Cretaceous rocks of British 
Columbia, though they have been beneath a cover of 8,000 metres of sediment. 
Larsen reports 50,000 feet of non-metamorphosed sediments in California ; 
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Arnold Heim notes 9 kms. in a Chinese geosyncline ; Schuchert estimates 
25 kms. in the Rocky Mountain geosyncline, and O. T. Jones nearly 40,000 feet 
in the Welsh Lower Paleozoic geosyncline. It is clear that vertical pressure 
due to load is not a prime cause of regional metamorphism. 

This difficulty confronting static metamorphism has been tackled by Daly, 
who meets it by relaxing the rigidity of the doctrine of uniformitarianism. 
He admits that, compared with its proposed potency in Pre-Cambrian times, 
load-metamorphism must have been of relatively little importance in later 
geological eras. To account for this, he assumes that the earth’s thermal 
gradient was steeper during the formation of the Pre-Cambrian so that regional 
metamorphism under a moderate cover was possible. He considers that this 
speculation concerning a hotter surface to the earth is ‘no more dangerous 
than the fashionable explanation of all, or nearly all, regional metamorphism 
by orogenic movements.’ I agree that though uniformitarianism suits the 
events of the 500 million years of geological history as recorded in the Cambrian 
and later fossiliferous rocks, it may quite likely not be so valid for the 2,000 
million years of Pre-Cambrian time. I am not competent, however, to discuss 
Daly’s speculation, and I have only to state that I feel that the proposal does 
not strengthen the case for regional static metamorphism. 

The idea of a metamorphism controlled by load, as such, fails to meet 
many other observations. I have space here only to cite the occurrence, in 
the Eastern United States, of highly metamorphosed stratigraphically younger 
beds resting naturally on lowly metamorphosed stratigraphically older beds ; 
of high-grade sillimanite-zone rocks overlying lower-grade rocks as in 
Sutherland and Norway ; of the passage, in Banffshire, from slates to meta- 
morphosed rocks containing andalusite, garnet, cordierite, sillimanite and 
staurolite within a half-mile of coast-section ; of a similar narrow restriction 
in the Barrovian zones as in Dutchess County, New York. In my opinion, 
the effect of load completely fails to account for these observations. Load, 
by itself, is not enough. 

The literature of regional metamorphism abounds in references to the great 
depths within the crust at which such metamorphism takes place. These 
suggestions of great depths, however, carry no kind of conviction to my mind. 
On the contrary, I consider that high-grade regionally metamorphosed rocks 
must have been formed in many areas under relatively little cover. Daly was 
of this opinion too, and he was influenced thereby in his idea that thermal 
conditions were different in Pre-Cambrian time from what they were in 
Paleozoic time. He pointed out that from Clarke’s data it is possible to form 
a rough estimate of the total amount of rock eroded in geological time, and that 
only a small portion of this amount can be assigned to Pre-Cambrian time. 
Of this small portion, part is represented in the non-metamorphic Pre-Cambrian 
sediments which lie unconformably on the metamorphosed basement. The 
several complexes of the basement were highly metamorphic before the 
denudations corresponding to the unconformities which separate them. From 
a consideration of these points, and of the great volume of Pre-Cambrian 
rocks, Daly concludes that the average cover on the complexes at the time of 
their metamorphism was much less than 5,000 metres in thickness. Barrell 
(1921) came to a similar conclusion by an argument based upon the amount 
of salt in the sea and of the erosion of the igneous rocks to give this. He 
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decided that Pre-Cambrian erosion had removed a cover of less than a mile 
in thickness. 

Though these arguments may not appear altogether sound to some, still 
I suspect that the notion of the great depths of regional metamorphism flourishes 
because of the supposed necessity of carrying rocks down to be metamorphosed. 
I suggest, and I develop this suggestion later, that as an alternative we should 
consider, as Joly also would do, the possibility of bringing the metamorphosing 
agents up. 

Following on these remarks on load-metamorphism, I may conveniently 
here call attention to the recent work of F. E. Suess of Vienna on the relation 
between regional metamorphism and tectonics. Suess considers that in a 
typical orogen there are three separate zones—an outermost, the non-loaded, 
zone of folded non-metamorphic rocks, then an intermediate zone, the loaded 
zone, where the rocks are violently folded and metamorphosed by the activity 
of a creative block (the ¢raineau écraseur of Termier). This creative block, 
which constitutes the third, or innermost, zone, is moved to form the load upon 
the loaded zone. Examples may make this classification clearer : in the Cale- 
donids of this country, the non-loaded zone is represented by the folded Lower 
Paleozoic rocks of Wales. the Lake District and the Southern Uplands, the 
loaded zone by the Dalradian and the creative block by the Moines ; in the 
Variscan orogeny of Central Europe the creative block of the Moldanubian 
has given rise to the regional metamorphism of the loaded zone, the Moravian ; 
in the Alps the load is the Austrids, the loaded zone the Pennids. ‘Two funda- 
mental types of regional metamorphism stand in dependent relation to the 
tectonics of the creative block, or the load, on the one hand, and of the loaded 
zone on the other. 

The first zone, the load, is characterised by a type or facies of regional 
metamorphism, styled periplutonic by Suess, which is closely associated with 
batholithic intrusions and essentially thermal and non-stress in type; mag- 
matic transfer and solution have led to the formation of katazone rocks with a 
post-tectonic mimetic crystallisation ; this metamorphism is not controlled by 
depth. Periplutonic metamorphism has affected very extensive areas lying 
outside the true orogenic or folded belts of the crust, and its domain passes 
downwards into the region of migmatisation and anatexis. Along stripes of 
deformation, the katazone rocks may be degraded to meso- and epi-zone types, 
whilst adjacent to the major dislocations a thorough reconstruction may take 
place through a considerable thickness of rock, giving a type of metamorphism 
which Suess has recently called hypokinematic. Examples of periplutonic 
metamorphism are provided by the coast region of southern Finland, the 
Moldanubian and, though not quite typically, by the Moines of Scotland. 

The second, or loaded, zone shows a different type of regional metamor- 
phism, named enorogenic, which is controlled essentially by deformation due 
to the passage over it of the creative block. Because of the load of this block, 
isotherms rise in the loaded block below, but the metamorphism of this is 
mainly due to the setting-up of tangential pressures. Rocks characteristic of 
enorogenic regional metamorphism are meso- and epi-zonal in type, and high- 
grade rocks which become involved in this metamorphism are degraded to 
these lower types. The metamorphism is patchy, metamorphic ‘ uncon- 
formities’ are common, and the crystallisation is often paratectonic, that is, 
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crystallisation and folding are synchronous. During enorogenic metamor- 
phism there is an immense activity of alkaline solutions which, acting along the 
multitude of shear-planes, lead to the production of much white mica—a sort 
of widespread shimmer-aggregate formation. Enorogenic regional meta- 
morphism is confined to the orogenic belts, and is exemplified in the Scandi- 
navian Hochgebirge, the Moravian block and in the Dalradian of Scotland. 

From Suess’s work it appears that two different supplies of heat are to be 
considered : first, that produced by the damming-back, as it were, of the earth’s 
internal heat by the thickened cover of the load and effective in enorogenic 
regional metamorphism, and second, that directly transferred by magma and 
active in periplutonic regional metamorphism. 

Suess bases his conclusions on a series of comparative studies of meta- 
morphism and orogeny in numerous areas, many of which he has visited, in 
Europe and America. I have no space here to enter into even a general 
discussion of his views. From my personal knowledge it would be no difficult 
matter to criticise in detail their application to the Moine and Dalradian rocks 
of Scotland, but such a criticism by itself would be grossly unfair. A proper 
test of Suess’s interpretation as applied to the Scottish Highlands could be 
based only on an investigation of the natural history—as I have called it 
elsewhere—of the metamorphic rocks of that area. British geologists have not 
considered seriously the possibility of polymetamorphism in the Highland 
rocks, but, faced with Suess’s suggestions, they must do so in the future. It is 
with some such hope that I have devoted these few paragraphs to an account 
of Suess’s work. 

Even the inadequate summary here presented serves to indicate why 
Suess could not regard the epi-, meso- and kata-metamorphisms of Grubenmann 
and Niggli as forming a continuous series of rock-transformations gradually 
increasing in grade, nor could he consider the corresponding zones as separable 
according to depth since they are fundamentally dependent upon the dynamics 
of different tectonic controls. He concluded, therefore, that there is no regular 
series of metamorphic zones ; the zones are not particularly connected with 
one another and can each occur quite independently of the others. In an 
earlier page of this Address, I have expressed some misgivings of my own on 
the unity of the progressive series of zones. I propose now to discuss certain 
aspects of the zonal notion, especially in connection with a depth-control. 

I have already noted the development of ideas on depth-zones and, in 
connection with static and load metamorphism, I have directed attention to 
difficulties encountered in regarding grade of metamorphism as directly con- 
trolled by depth. Admittedly, metamorphism does often increase in grade 
with depth, but, as I have said in another place, I personally find no difficulty 
in envisaging a metamorphism which increases laterally or vertically ; I con- 
sider depth, as such, not to be a factor in metamorphism and that if we are 
to retain a zonal notion, then the idea of depth-control must be completely 
disregarded. 

The view that depth and grade are genetically related has played what I 
fear to be an unfortunate part in the interpretation of many metamorphic 
terranes. I can here only instance the Grampian Highlands, where, according 
to Tilley and Miss Elles, the metamorphic zones have been inverted over con- 
siderable areas since their formation. This interpretation seems to me to be 
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based fundamentally on the conclusion that, no matter what may now be the 
attitude of the zones, they were originally formed with the highest grade at the 
greatest depth and with an orderly structural succession from high-grade to 
low-grade zones from the deeper parts upwards. Even if this fundamental 
postulate be admitted, and I for one refuse to admit it, still I find it difficult 
to understand how large-scale inversions of metamorphic zones have taken 
place without the rocks concerned acquiring a new metamorphism due to, 
and essentially contemporaneous with, the inversion. One might suggest 
that the portion of the crust showing such phenomena had been inverted as it 
were on a hinge, but the requisite hinge would be of so gigantic a size that 
both the crust affected and the suggestion must collapse. Where, as in the 
North-West Highlands, rocks of various kinds have been involved in relatively 
small-scale inversions, they show a metamorphism produced during the inver- 
sion. I may recall here, too, that T. Vogt in Norway and I in Sutherland 
have found high-grade rocks resting on lower-grade rocks and have felt content 
to consider this the position in which they were originally formed. 

The relation between the large-scale tectonics and the metamorphic zones 
in the Highlands is a question which, in the present state of our knowledge, 
bristles with difficulties. As we have just seen, the Cambridge School consider 
that the metamorphism is pre-tectonic and that the metamorphic zones can be 
recumbently folded. On the other hand, Bailey and others regard the meta- 
morphism as partly contemporaneous with the folding. For my part, I suggest, 
for reasons which will appear later, that the metamorphism may be post- 
tectonic. Both in the Highlands and elsewhere it seems to me that the isograde 
lines are independent of both stratigraphical and tectonic arrangements, and 
I prefer to relate regional metamorphism not to load nor to deformation nor 
to tectonic or any other depth. 

I have at various places in this Address pointed out the destruction of sedi- 
mentary structures in low-grade metamorphism and their apparent perfect 
preservation in high-grade metamorphism. If these are valid observations, 
then it seems to me that the progressive series from slates to higher-grade rocks 
must break down or, at least, that high-grade rocks were not necessarily at 
one stage of their career in the condition represented by the lowest-grade rocks 
of the zonal series. Low-grade rocks may once have been high-grade, but 
the reverse is not necessarily true. I cannot admit that such rocks as the high- 
grade delicately striped hornblende-granulites of Sutherland, which most 
likely are of sedimentogenous origin, or the metamorphosed varved rocks of 
Finland, for example, ever passed through a stage in which the dynamic factor 
was overwhelmingly dominant. Becke’s early classification of regionally 
metamorphosed rocks into the propylitic type and those resembling products 
of contact-metamorphism or Milch’s separation of his dislocation-metamor- 
phism from load-metamorphism may express real differences, and for these 
classifications, when shorn of their depth or load aspects, I have some sympathy. 

Apart from the question of the time-continuity of the progressive series 
represented by, say, the Barrovian zones, there is the chemical continuity to be 
considered. How far do the zones of Barrow represent an isochemical series 
of pelitic rocks? The degree to which such processes as metamorphic differen- 
tiation and diffusion have operated obviously affects the compositions of 
members of the series at any stage. Quartz and quartzo-felspathic segregations 
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withdraw material from the unit of rock undergoing transformation, and 
other components indigenous to the rock may migrate from place to place 
within it. The staurolite-zone of Barrow seems to demand a special chemical 
composition for its formation, and this composition might be provided either 
by the original sedimentary composition or by enrichment in iron and alumina 
through impoverishment in magnesia by metamorphic diffusion. Barth’s 
(1936) interpretation of the extreme composition of the Bamle formation in 
South Norway by the expression of low-melting components is concerned 
with a notion similar to that contained in the latter half of the previous sentence. 
Such possible departures from the isochemical series arise through processes 
inherent in the rock. There is, however, another aspect of this topic which, 
though usually ignored in this country, must in my opinion be carefully con- 
sidered. ‘The possibility of the introduction of material of so-called magmatic 
origin is one that certainly cannot be dismissed in the higher grades, and one 
that might apply even to the lower grades of regional metamorphism. The 
remaining portion of this Address is largely concerned with this possibility. 
It will be convenient for the development of my argument, however, if we 
transfer ourselves to the domain of ultra-metamorphism, and I propose first 
of all to discuss the reality of granitisation, for, if granitisation is real, certain 
consequences seem to follow. 

In a paper which has appeared during the writing of this Address, granitisa- 
tion is defined by Malcolm MacGregor and Gilbert Wilson (1939) as ‘ the 
process by which solid rocks are converted to rocks of granitic character.’ 
It includes all such operations as palingenesis, syntexis, transfusion, permeation, 
metasomatism, migmatisation, injection, assimilation, contamination, and the 
like. I have already made mention, in previous pages, of earlier views on 
this topic in connection with the French School, Termier, Sederholm, Fenner, 
Hugh Miller, and others. More recent developments have been ably sum- 
marised by MacGregor and Wilson. ‘They make reference to the investiga- 
tions of Goldschmidt in Stavanger, Norway ; of Read in Sutherland and 
Aberdeenshire, Scotland ; of Quirke and Collins in Eastern Canada ; of 
G. H. Anderson in the Inyo Mountains of Colorado and Nevada ; of Barth 
in Dutchess County, New York, and of others ; they refer, too, to their own 
work in Scotland and Yugo-Slavia. I mention these authors and localities 
to show how completely international the idea of granitisation has become. 
MacGregor and Wilson discuss the chemical data supplied by these investiga- 
tions, and the trends of the progressive changes in composition as granitisation 
proceeds. They conclude that exchanges take place between the country- 
rocks and their pore-fluids—whether these are entirely indigenous or reinforced 
by accessions from magmatic sources—and that these exchanges are selective 
so that there is a convergence, both chemical and mineralogical, of rocks 
originally different. They consider two processes to be concerned in graniti- 
sation ; first, a metasomatism under the influence of ‘ permeating highly 
energised fluids—emanations—ahead of advancing magma,’ and second, a 
mechanical penetration by magma. I consider that no reasonable objection 
can be raised to these conclusions, notwithstanding the uncompromising 
attitude of Rosenbusch and others. It seems to me that this Franco-German 
granitisation war, at least, has been won by the French. 

The origin of granitic magma is admittedly a problem closely related to 
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granitisation, but nevertheless one which does not directly affect the validity 
of this process. To what extent migma can become magma is a matter for 
individual judgment. We have truly a varied choice of schemes for the pro- 
duction of granitic magma. We can believe that it exists as a primary earth- 
magma, or that it can be produced by differentiation from a primary basaltic 
magma, or by the fusion of the granitic layer of the crust, or by paligenetic 
melting by basal fusion of sediments involved in regional subsidence, or by 
solution of the low-melting components of crustal rocks and the expulsion of 
the solution so formed, or by rheomorphism, that is, the conversion of sedi- 
mentary rocks into mobile masses by the action of emanations. We can derive 
the energising fluids involved in granitisation from a magmatic source and 
permit them to produce granitised rocks and even new granitic magma ; or we 
can accept the emanations as available without questioning their ultimate 
source and see in them the primary agent in the production of magmatic rocks. 
Whatever mechanism we regard as reasonable, I consider it demonstrated in 
dozens of localities that ‘solid rocks are converted to rocks of granitic — 
character.’ 

The question of room in migmatisation is one that has caused difficulties 
to many observers. For example, Milch drew attention to series of sediments 
which remained the same thickness over considerable areas even though they 
were said to have been injected by much igneous material ; he preferred to 
regard the felspathic material seen in such series as arising from the rocks 
themselves and not contributed from outside. This room-question was 
answered by Hugh Miller 50 years ago, and has been answered many times 
since. Replacement is the essential process in the formation of the migmatites. 
As Hugh Miller said, ‘ parts of these granites are, in fact, pseudomorphs or 
granitic casts, preserving within parts of their mass, as replacement structures, 
the remains of the structures of the pre-existing rocks.’ It is unfortunate 
that the term injection-complex, used in this country, emphasises injection, 
since permeation, imbibition and metasomatism are more widespread pheno- 
mena. As I have pointed out elsewhere, the formation of banded gneisses 
and lit-par-lit complexes is best explained by a process of replacement to 
different degrees along layers of different permeabilities. ‘The many examples 
of the tracing of the regional country-rock structure through granitic masses, 
the existence of thin plane screens of country-rock in them, the great extension 
of minute /its of quartzo-felspathic material in migmatites, and the detailed 
heterogeneity of many granites are all readily explicable by a replacement 
origin for these rocks. ‘Though museum specimens of granites appear homo- 
geneous, they are far from this in mass ; not the least important function of 
public houses, banks and other opulent edifices, is to display large polished 
slabs so that geologists can satisfy themselves of this fact. Many demonstra- 
tions of the replacement origin of granites and granitic migmatites are avail- 
able ; I need only cite as examples the Cassia batholith of Idaho which, 
according to G. H. Anderson, has become three times as large by replacement 
of its bordering country-rocks ; or the beautiful replacement phenomena 
seen in the Southern Greenland rapakiwi granite described by Wegmann. 
In the case of the Dartmoor granite, Brammall considers that the aureole has 
lost a contact-metamorphic zone of higher grade. 

Replacement in sedimentary rocks will be controlled by the original 
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structures of such rocks. Permeation by the emanations or ichors will take 
place preferentially along certain layers depending upon both the chemical 
and physical nature of these layers. Original platy minerals lying in the 
bedding planes will become enlarged if they suit the new chemical environ- 
ment and new-formed minerals will grow so that their direction of greatest 
crystallisation-velocity agrees with the old planes of weakness. The original 
sedimentary structure may thus become preserved until a high degree of 
granitisation has been reached and the bulk-composition of the rock has been 
greatly changed. I consider the foliation of granitic gneisses, for example, 
as essentially controlled by previously existing sedimentary structures, and not 
by any process of dynamic metamorphism or piezo-crystallisation. 

Whether the granitising solutions are thought of as emanations of no speci- 
fied ancestry, or as ichors from a granitic magma-body, opinion is agreed 
amongst workers in this subject that they are highly mobile and capable of 
great chemical action. Working in conjunction with the pore-fluids of the 
country-rock, they can transform vast portions of the crust. Nockolds, dealing 
with the contamination of granite magmas, has concluded that the volatiles 
there concerned form a medium of low viscosity in which diffusion of the 
reactive materials can take place with comparative freedom. Fenner and 
others have emphasised the importance of gas-activity in granitisation. Emana- 
tions of this type, derived from a granitic hearth, move into the walls and, 
since they carry great supplies of heat, are able to travel long distances. Even 
when the activity of one particular batch declines, new accessions of heat 
arrive from the magma and continue the work. The classic views put forward 
by Lacroix regarding the efficacy of reactive volatiles must not be overlooked. 
Gases are able to penetrate where liquids could not. Fenner points out that 
in this gaseous transfer there is a strong tendency to reproduce in the contact- 
rocks the same minerals that are crystallising from the magma. In connection 
with direct granitic invasion, therefore, gases may be of great importance ; 
when they have condensed to solutions and have received assistance from the 
true liquid residuals and from the pore-solutions, they must be capable of 
gigantic results. 

I have mentioned, in a previous paragraph, Milch’s preference in consider- 
ing that the felspars in rocks believed to have been granitised had been derived 
from the rocks themselves rather than from outside sources. This objection 
to felspathisation by the metasomatic action of introduced materials has been 
raised by Harker, Thomas and Campbell Smith, and others in Britain. I 
agree that at certain stages of thermal metamorphism without transfer of 
material felspars are formed, but such occurrences are not like those of the 
*“ augen-gneisses ’ and porphyroblast-schists of the great migmatite areas. In 
felspat’isation, material for the formation of felspar may be contributed by 
both tue country-rock and the pervasive introduced solutions. There is an 
abundance of both field and chemical evidence which demonstrates the validity 
of felspathisation. One of the neatest unequivocal cases is provided by Miss 
Reynolds in her account of the felspathisation of quartzite xenoliths in the 
Colonsay hornblendite. Malcolm MacGregor and Gilbert Wilson have 
recently dealt with some of the chemical data available, drawing this from such 
diverse fields as Stavanger, Sutherland, Nevada, Lake Huron, Yugo-Slavia 
and Galloway. ‘The field-evidence is especially strong. Beginning with the 
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classic observations of the French school, especially Barrois’s beautiful felspar 
trails at the contacts of the Rostrenon granite, and remembering Grenville 
Cole’s statement that in Donegal ‘ the schists become porphyritically set with 
the constituents of the granite,’ we pass on to a multitude of modern observa- 
tions showing the validity of felspathisation. I list but a few of these in order 
to bring the weight of the evidence home to the British ; Grout (1937) has listed 
a dozen examples ; and we have in addition the observations of Agar, Barbour 
and Fettke in the Eastern States, Goodspeed at Cornucopia and Anderson at 
Inyo in the Western States, Goldschmidt at Stavanger, Read in Aberdeenshire 
and Sutherland, Du Reitz in Sweden, Wegmann in Greenland, Kranck in 
Finland, Barth in Norway, Barth in New York, Turner in New Zealand, 
Alderman in Australia, many examples from the Alps, and dozens elsewhere. 
The progress of felspathisation produces porphyritic gneisses and granites 
without the aid of dynamic metamorphism. Further, unless we assume the 
possibility that minutely identical felspars can form in two quite different 
environments, namely, those of a granitic melt and of a solid country-rock, 
then the replacement-origin of such granites as those of Shap, Skaw (Unst), 
and some rapakiwis must be considered as reasonable. But these are topics 
rather outside my text. All I wish to emphasise here is that granitisation and 
felspathisation are valid processes and that they are essentially based upon 
replacement. 

In regions of granitisation there has been an afflux of material, either from 
a ‘magmatic’ body or from some unspecified source. It is reasonable to 
believe that during the resulting replacement there occurs an emigration of 
material. Holmes (1937) has put the whole matter graphically—‘ the 
“granite ”’ is the balance of what was there originally, plus what has migrated 
in, minus what has been driven out.’ ‘The emigrating material moves into the 
country-rocks adjacent to the theatre of granitisation. 

The material thus moving through the country-rocks is of several origins 
and qualities. It consists of (i) the material expelled from the region of 
granitisation, (ii) the direct emanations from the granitising agent, and (iii) the 
pore-fluids of the country-rocks. Its diverse constituents must move with 
different speeds, perhaps depending, as Backlund has ingeniously suggested, 
upon the ionic radii of the participating elements. Various overlapping belts 
of precipitation may come into being, and from each a further expulsion may 
take place. By some such processes zones of various characters arise about 
the granitisation or migmatite core. What seem to be special examples of 
the operation of this mechanism are provided by the following mainly 
Scandinavian observations. 

Magnusson (1936) has deduced at Kantorp, Sweden, what I may call a 
precipitation-front of aluminium, iron and magnesia-rich material and a 
corresponding removal-front of silica, alkalies and lime ; the same observer 
(1937) has interpreted the cordierite-rich S6dermanland gneisses as due to a 
regional magnesia metasomatism connected with the Malingsbo granite. 
Barth (1938) has described a regional soda-metasomatism in the sparagmites of 
South Norway, these showing an increase of soda and alumina from an 
original sandstone to a granulitic gneiss. We may recall too Eskola’s (1914) 
classic work on the Orijarvi area of Finland, where metasomatic replacement 
of lime and alkalies by iron oxides and magnesia is demonstrated. Wegmann 
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has elaborated a magnesia-metasomatism dependent upon the expulsion 
mechanism in granitisation ; he expects to find a zone characterised by cor- 
dierite in close proximity to the migmatite area, whilst farther away would 
be found lower-temperature minerals like andalusite, kyanite, garnet, etc., and 
farther still tourmaline. The formation of ‘ fronts’ of more or less marked 
chemical individuality can be exemplified by the soda-fronts of Stavanger, 
Sutherland, and Cromar, Aberdeenshire, by the potash-front of Hango, 
Finland, and by the magnesia-front of Orijarvi ; there is no need to elaborate 
these examples. 

From the reference I have just made to Wegmann’s views, it is clear that 
he, with many others, considers the domain of regional metamorphism to be 
transitional to and genetically connected with the domain of migmatisation. 
I can recall now Termier’s saying—no one could reasonably doubt that in the 
formation of the true crystalline schists there had been an afflux of elements 
from the depths which had chased the old elements before them. I may 
recall, too, references I have made in the earlier part of this Address to the 
opinions of Michel-Lévy, Weinschenk, Koenigsberger, Sederholm, Adams, 
Barrow and others on the genetic connection between regional metamorphism 
and granitic intrusion. Before I deal with this final topic, however, it is almost 
necessary, in view of what I have said in the last few pages, to re-define the title 
of this Address. Igneous action, according to some, may not be concerned in 
migmatisation. As I do not propose to examine here what igneous connotes, 
I now limit my subject at this late stage to that of the relation between regional 
metamorphism and migmatisation. 

One of the most firmly established facts of metamorphic geology is the 
close association in the field of highest grade metamorphic rocks and migma- 
tites. I could cite dozens of examples of rocks containing sillimanite and 
cordierite which occur as more or less discrete portions of migmatitic complexes. 
I content myself with the mention from our own country of Barrow’s sillimanite- 
zone itself in Aberdeenshire, of the cordierite-sillimanite-gneisses of Buchan, 
and of the sillimanite-gneisses of the injection-complexes of Sutherland and 
Morar, and of Anglesey—all these high-grade rocks are in or adjacent to areas 
of migmatisation. 

The significance of this coincidence has been differently interpreted. 
Termier, as we have seen, considered that regional metamorphism and igneous 
activity were two effects of the same cause, the rise of the colonnes filtrantes— 
the emanations of to-day ; the igneous magmas were generated in place. 
Harker and most British geologists regard igneous intrusion in the sillimanite- 
zone as an incident in the rise of the isotherms in that region. This rise is a 
direct invasion of the earth’s internal heat, and any solutions concerned in 
regional metamorphism are for the most part not of magmatic origin. As we 
have already noted, Barrow considered his zones to be in the nature of gigantic 
thermal aureoles around intrusions of the Older Granite. Barrow’s view is 
that generally accepted by students of migmatisation—it is inherent in the 
interpretations of migmatisation and granitisation advanced by the Scandi- 
navians, the French and many Americans. I prefer it myself on various 
grounds. ‘The postulated rise of the isotherms seems a more mysterious pro- 
cess than the bringing-in of heat by magma or emanations ; vast supplies of 
heat and material are necessary in the granitisation process and the higher 
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grades of regional metamorphism, and both can be supplied by igneous 
invasions. Further, there are cases of migmatites and rocks of the sillimanite- 
zone formed above lower-grade rocks—emanations or magma can be injected 
in such a position, but hardly the isotherms. On these and other counts, 
I adopt the view of the company familiar with migmatites and see with them 
a direct causal relation between the highest grade of regional metamorphism 
and migmatisation. 

In my opinion, therefore, the cordierite and sillimanite zones are genetically 
related to granitisation. But these zones are the final stages of the apparently 
continuous progressive series of Barrovian zones which as a whole supply the 
common types of regionally metamorphosed rocks. Any departure from 
isochemical conditions in this series, such as I have suggested in a previous 
page, may arise through the operation of the advancing fronts of various 
metasomatisms. I may here call attention to the data, assembled by Brammall, 
showing that soda increases relatively to potash in the series shale, phyllite, 
mica-schist, and to comparable observations at many granitisation margins. 
An excellent case is that described by Gilbert Wilson from Kapaonik, Yugo- 
slavia. Further, argillaceous rocks when involved in contact metamorphism 
show a change in composition ; the rocks adjacent to enormous granitisation 
regions must be more vitally changed. The physical reality of the series of 
progressive zones is based upon a considerable number of observations in all 
parts of the world. I need only refer to the work of Barrow, Barth, Balk, 
Billings, Goldschmidt, T. Vogt, Tilley, Du Reitz, for examples. It seems 
reasonable to me, therefore, to believe that regional metamorphism as a whole 
is genetically related to ‘ igneous ’ activity of some kind. This is no new belief ; 
it dates from the beginning of our science, and has been held by many, as I 
have already recorded. A stimulating expression of it was given by Barrell in 
1921, and it is inherent in the work of Wegmann and many others. 

Out from the central theatre of granitisation there pass waves of metaso- 
matising solutions, changing in composition and in temperature as they become 
more distant from the core and promoting thereby the formation of zones of 
metamorphism about it. Very often a spurious depth control appears to have 
operated, since the flow of solutions must be largely towards higher parts of 
the crust. Such a metasomatic metamorphism accounts for the superposition 
occasionally observed of high-grade zones on lower-grade, and does away 
with the infelicities attending the alleged inversion of metamorphic zones. 
Further, the difficulties that the idea of static or load metamorphism fails to 
meet are surmounted. Deeply buried sediments remain unmetamorphosed 
unless igneous material gets access to them. In metasomatic metamorphism, 
original sedimentary textures can be reasonably preserved, mimetic crystal- 
lisation can prevail, schistosity and bedding, even in violently folded strata, 
can coincide. Finally, all those phenomena which Daly felt to be ‘ truly 
inexplicable by pure dynamic metamorphism ’ are satisfactorily explained. 

A continuous series of changes in composition from low-grade regionally 
metamorphosed rocks to migmatites has been established by many investiga- 
tions. I need only recall those of Goldschmidt at Stavanger and of Barth and 
Balk in Dutchess County, New York, as examples. Even in the low-grade 
rocks changes are perceptible and all must be ascribed to the activity of 
material from a granitisation centre. To move this material and to promote 
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the recrystallisations and replacements that occur in cubic miles of rock, great 
quantities of solvents are required. It seems to me unlikely that the solvents 
in action are indigenous to the country-rocks—they are more reasonably to be 
derived from a granitic source. The investigations of Goranson (1931) on 
the solubility of water in granite magma and the discussion of the problem by 
Gilluly (1937) indicate that granite magmas may contain possibly 8 per cent. 
of water. When the enormous extent of migmatite granites is considered, it is 
clear that sufficient water is available to promote the changes seen in the 
regionally metamorphosed rocks. 

Are there any indications in low- to medium-grade rocks, not visibly 
associated with igneous activity in the field, which point to solutions from 
magmatic sources having travelled so far from the locus of migmatisation ? 
In my opinion, we see such indications in the presence of tourmaline in rocks 
of all grades. Admittedly, this opinion is one not generally accepted ia this 
country. Goldschmidt and others have shown that argillaceous sediments 
contain an original boron content, and on this account Tilley, for example, 
suggests that the tourmaline of the regionally metamorphosed rocks is of this 
derivation. Others, such as J. F. N. Green and McCallien, interpret the tour- 
maline as due to the recrystallisation of detrital tourmaline deposited with the 
original sediment. ‘These are pertinent objections, but on balance I prefer 
to regard most tourmaline in metamorphic rocks as due to impregnations 
from granitisation fluids. ‘Tourmaline occurs not only in pelitic derivatives 
but in rocks of other compositions. In many examples of high and medium 
grade rocks it is clearly introduced, as shown by its relation to the other 
minerals present. Williamson in Glen Shee, Billings in New Hampshire, 
Emmons and Calkin at Philipsburg, Turner in New Zealand, and a score of 
others, have contributed observations agreeing with this conclusion. Further, 
Turner, and Barth in New York State, for example, have noted the abundance 
of tourmaline in low-grade rocks, and have naturally extended the zone of 
penetration of boron vapours into such rocks from rocks of higher grade. I 
believe, therefore, that the ubiquitous tourmaline in regionally metamorphosed 
rocks is an indicator of the action of ‘ emanations’ throughout all grades. 

Whilst I have belittled the rdle of the dynamic factor in regional meta- 
morphism, it is of course true that in the lower grades it must be of considerable 
importance. How can this be reconciled with the view that migmatisation 
is the prime cause of regional metamorphism? The reconcilation may be 
sought, I suggest, in the stresses set up by the increase of volume consequent 
upon the invasion of the crust by the migmatite front. Relief is obtained in 
the outer and cooler zones by shearing ; in the inner and hotter zones by 
internal reconstructions. The unity of the zonal series may thus be preserved. 

My last topic deals with Barth’s recent four-fold classification of all rocks 
into sedimentary, igneous (e.g. basalt), metamorphic and migmatitic. Meta- 
morphic rocks are those which have been recrystallised without essential 
anatectic or metasomatic alteration, and are typified by hornfelses. Migma- 
titic rocks are formed by the stewing of previously solidified rocks in liquids of 
magmatic or palingenetic origin. Barth would consider metamorphism as a 
metabolism of rock whilst migmatisation is a metasomatism. Whether we 
accept this narrow definition of metamorphism or not depends on our ability 
to decide how much accession of material has taken place in any given rock. 
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Hornfelses, Barth’s typical metamorphic rocks, show, as Brammall, Gilbert 
Wilson and others have demonstrated, marked changes in composition during 
metamorphism. I feel that Barth’s classification obscures the essential unity 
of regional metamorphism and migmatisation. 


I have now come to the end of these somewhat lengthy remarks. I have 
shown my predilection for dividing all rock transformations into two groups, one 
those of dislocation-metamorphism associated with dislocations of the crust, 
and the other those of regional and thermal metamorphism, associated with 
igneous activity. My remarks, I trust, will receive thorough criticism. I am 
prepared for this, for, just as things too absurd to be said can yet be sung with 
perfect propriety, so views too tenuous, unsubstantiated and generalised for 
ordinary scientific papers can yet appear with some measure of dignity in 
presidential addresses. 


SECTION C.—GEOLOGY 


COMMUNICATIONS 
Prof. D. E. Innes.—The geology of the Dundee district." 


* * * 


Prof. W. T. Gordon.—A new Carboniferous seed-type from Tantallon, North 
Berwick. 

Ashes at Oxroad Bay yielded 8 specimens of a new seed, radiospermic, some 
50 mm. long and 6 mm. broad. The stalk, tapering to 1 mm. diameter, is gutter- 
shaped, with horse-shoe-shaped bundle dividing, upwards, into 5 or 6 mesarch 
strands symmetrically disposed round the seed axis. Stiff hairs, 3 mm. long, set 
10 deep and probably separated and surrounded by mucilage, invest the seed-base. 

The integument, basally, has an inner zone of parenchyma, mucilage cells and 
scattered fibres, and an outer zone with plates of fibrous mechanical tissue inter- 
spersed with parenchyma. A sub-epidermal pallisade layer abuts on the ill-preserved 
hairy epidermis. 

At the nucellar-base, some 12 mm. above seed-base, the diameter is 4-5 mm. 
Here the integumental tissues have segregated into 5 or 6 valves, convex outwards, 
spaced by deep, longitudinal grooves, and organically continuous with the nucellus. 
This domed nucellus, 11 mm. high, is capped by a semi-spherical pollen chamber, 
1 mm. high, with apex centrally depressed. From the base of the depression arises 
a tube or salpinx, 5 mm. in height. 

The integumental valves now separate from the nucellar apex, continue as 
5 or 6 finger-like processes, some 22 mm. long, and taper to blunt rounded tips. 
Basally the interior surfaces of these processes bear long, downy hairs intertwined 
to a felt-work supporting the salpinx. 

This seed, specialised for semi-arid conditions, must be assumed efficient, and 
pollination mechanism, accordant with structure and environment, is suggested. 


* * * 
! Professor Innes’ chapter on this subject in the Scientific Survey of Dundee and District 


appeared in the previous issue of The Advancement of Science, Supplement, p. 10, seqq. 
R 


. 

J 


252 


Dr. J. Pringle.—The discovery of Cambrian Trilobites in the Highland Border 
rocks near Callander, Perthshire. 

During a recent investigation of the Kilmahog Limestone and associated strata 
in the Callander district, it has been found that the limestone is faulted against a 
series of graphitic shales in the Leny old lime quarry, and not interbedded in them 
as formerly supposed. Moreover, in these graphitic shales are several bands of 
a greyish-black limestone, which contain a few thin fossiliferous layers yielding 
Cambrian trilobites. A collection of these fossils has been submitted to Dr. C. J. 
Stubblefield for examination, and he refers the majority of the specimens to a new 
species of Pagetia. He reports that this Cambrian genus is almost entirely confined 
to Middle Cambrian strata, and has not been recorded from younger rocks. The 
inference therefore is drawn that these grey-black limestones are probably of Middle 
Cambrian age. 

Further work is now being carried out with the aid of a grant from the Royal 
Society, and much of it will be devoted to the Kilmahog Limestone and its suggested 
equivalent—the Aberfoyle Limestone—in the Margie Series at Aberfoyle. In 
lithology these limestones are almost identical, but it is by no means proved that they 
are of the same age. The discovery of certain trilobite fragments in the Aberfoyle 
Limestone in 1938 revives the hope embodied in the suggestion made by Prof. T. J. 
Jehu and Dr. R. Campbell that further search of this limestone might result in 
finding fossils additional to those they had described from the bed. 


* * * 


Dr. J. Pringle and Dr. M. Macgregor.—The Carboniferous rocks at Bridge of 
Awe, Argyllshire. 

The existence of the small outlier of sedimentary rocks at the western end of the 
Pass of Brander was first noticed by Macculloch in 1817. The sediments are of 
littoral facies and the reddish colour of many of the beds, coupled with the fact that 
they outcrop in the midst of lavas of Lower Old Red Sandstone age, led observers 
to regard them as belonging to the same formation. ‘This view held up to 1897, but 
in the following year Mr. D. Tait discovered a few plant-remains in shales a little 
north of Bridge of Awe and as a result of his work the beds were referred to the 
Carboniferous and tentatively placed in the Calciferous Sandstone Series. 

Recent investigations by the authors have shown that the Carboniferous rocks 
occupy a larger area than was formerly supposed, about two-thirds of a mile in 
length and approximately a quarter of a mile in width. A new plant-bed has been 
located on the south side of the bridge which has yielded specimens of Astero- 
calamites and one or two forms described by Dr. R. Crookall as very like Rhacopteris 
petiolata (Goepp.). ‘The plant evidence is not decisive but suggests a Lower Carboni- 
ferous age for the sediments. No animal remains have been obtained, the previous 
record of Modiola macadami being undoubtedly an error. The paper describes the 
sections that are available for examination and points out that lithologically the 
strata resemble these in the lower part of the Carboniferous succession at Inninmore 
on the Sound of Mull. 


* * * 


Dr. Emily Dix and Mr. W. D. Ware.—The occurrence of the Similis-Pulchra Zone 
in the Pembrokeshire coalfield. 

In this coalfield the strata are extraordinarily disturbed, so that considerable 
difficulty is encountered in reconstructing the details of the sequence, especially on 
lithological data. Trueman and George (1925) recorded the ovalis and modiolaris 
zones in the east of the coalfield, while Trueman (1934) indicated the presence of 
the phillipsi and tenuis zones in the western part. One of the writers (E. D. 1933) 
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pointed out on paleobotanical evidence that Goode (1913) erroneously concluded 
that the equivalents of the Millstone Grit and the Lower Coal Measures of Yorkshire 
and of the Pennant Series in South Wales were missing in Pembrokeshire. 

In the area south of Haverfordwest it can be shown that both the lenisulcata and 
similis-pulchra zones occur. The dividing line between the Coal Measures and the 
Millstone Grit was drawn (1914) at a lower horizon than in the main basin of the 
South Wales Coalfield, namely, at the top of the sandstone succeeding the Gastrioceras 
cancellatum beds. In the measures above the true Farewell Rock is a remarkable 
persistent Lingula bed, beneath which non-marine shells of the lentsulcata zone occur. 

O. T. Jones recorded a marine bed near Picton Point (1914), and he referred it 
to the ‘ Lower Coal Measures.’ Floras and non-marine faunas, found in association 
with the marine bed, indicate that these rocks should be included in the stmilis-pulchra 
zone, while the marine bed is the equivalent of the Cefn Coed Marine Bed. No 
trace of the ovalis and modiolaris zones has been found in this area and various reasons 
are postulated for their absence, including a possible unconformity with overstep. 


* * * 


Dr. Emily Dix.—Some interesting sections in the Warwickshire coalfield. 
* 


Dr. A. Lamont.—Antidunes in geology. 


During his work on the transport of débris by running water, W. K. Gilbert 
investigated antidune ripple-crests in sand which rush back against the direction of 
flow, erosion taking place on the concave sides and deposition on the convex. Though 
a geologist, Gilbert did not realise that these ephemera might be preserved in certain 
rocks. Nevertheless, when he published, antidunes had already been figured by 
Sorby from the green slates of Langdale, Lake District. 

Since then examples have been found by Hartley in sediments of the Borrowdale 
Volcanic Series (? Llandeilo), by Whittington in the Cwm Clwyd Ash (Caradocian), 
Montgomeryshire, by Henderson in the Ardwell Flags (Caradocian), Girvan, and 
by Benson in the Middle Devonian geosyncline of New South Wales. ‘The speaker 
adds the following : Carrigaghalia Series (? Caradocian), Doneraile Cove, County 
Waterford ; Ashy Greywackes (? Caradocian), Ballymoney, County Wexford ; 
Plantinhead flags (Caradocian), Trochraigue, Girvan; Rush graded grits and 
conglomerates (C,-,), Posidonia limestones (D,-P,), and Loughshinny shales 
(P,), County Dublin. 

The antidunes prove the existence of currents, swifter than a critical velocity 
beyond which turbulence set in, on the slopes of geosynclines and gulfs. ‘The currents 
may have been of seismic origin. 

* * 


Dr. M. Macgregor.—The buried channel of the Forth. 


One of the striking features in the geology of the Tay, Forth and Clyde valleys 
is the existence of buried channels marking the pre-Glacial courses of the principal 
streams. These old channels are deeper—often considerably so—than the existing 
ones, and for this reason may be a serious menace in mining operations. Accordingly 
the collection and correlation of all available data bearing on this subject has an 
important economic aspect. The late Dr. H. M. Cadell in The Story of the Firth 
(1913) summarised the evidence then available in regard to the pre-Glacial Forth. 
The present communication deals briefly with boring and mining data collected in 
recent years. ‘The most striking of these are the results obtained in undersea workings 
at Bridgeness in 1936. Here, during the driving of a cross-cut mine, loose detrital 
material was encountered at a depth of 675 ft. below O.D. This material was of 
a gravelly nature, consisting of small to large pebbles of various rocks, including a 
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considerable proportion of far-travelled material ; some of the stones were definitely 
striated. The great depth of the channel at this point suggests local over-deepening 


by glacial action. 
* * * 


Prof. J. Ritchie and Dr. M. Macgregor.—Late Glacial remains of reindeer in the 
Glasgow district. 

The bones referred to below were discovered by workmen during the driving of 
a sewerage extension tunnel across Cathcart Road from Queen’s Drive on the south 
side of Glasgow. They were found in a bed of dark sandy gravel underlying 
laminated clays and sands of 100-Ft. Beach times. The gravel may be regarded 
as having been deposited at an early stage of the late-Glacial submergence. The 
evidence regarding the age of this bed is fully discussed in the paper. 

The fragments of bone obtained fit together to form the greater part of the right 
radius and ulna of a reindeer. The bones are well preserved, with a hard polished 
surface and sharp splintery fractures ; they show that the animal was adult but of 
small size. There are no indications of markings suggestive of ice action, and the 
only artificial surface markings are some slight scratches which have probably been 
made by the teeth of a small animal. Comparison of the fragments was made 
with a corresponding bone of a reindeer found in a rock-fissure in the Pentland 


Hills. 


* * * 


Discussion on The raised beaches of the Forth and Tay. 


Dr. J. B. Simpson. 

Following upon the retreat of the last great ice-sheet from the Midland Valley 
of Scotland the succession of events in the Forth and Tay areas may be summarised 
as follows: (1) Pari passu an incursion of the sea, the late-glacial or arctic sea ; 
(2) the accumulation of a deposit in this sea, mainly clay and silt, frequently varved, 
and containing a fauna of arctic character ; (3) a movement of elevation of the 
land resulting in uplift of these deposits to a height of 130 ft. O.D.—100-Ft. Raised 
Beach ; (4) in the initial stage (first 50 ft.) of uplift (3) significant readvances of the 
ice in the upper Forth valley (and elsewhere), moraines deposited down to 65 ft. O.D., 
and, probably at this time, the formation in the seaward parts of the firths of beaches 
at 60-75 ft. O.D. ; (5) towards the end of the uplift a sea-level /ower than at present, 
an amelioration of the climate from arctic to temperate, the establishment of 
woodland and the formation of peat beds—the Forest Period ; (6) a (eustatic) rise 
of sea-level resulting in a widespread transgression of the sea and the submergence 
of the forests beneath marine deposits bearing a temperate fauna; (7) continued 
elevation of the land, in greater degree westward, eventually resulting in the emer- 
gence of the marine deposits of (6) as a beach (25-Ft. Raised Beach) and of the 
submerged forest bed. 


Dr. E. M. Anderson. 

This communication refers especially to the identification of the Carse clays 
which border the upper portions of the estuaries of the Forth and Tay. These form 
level plains, at heights increasing gradually, in each case, from about 40 ft. to about 
50 ft. above sea-level. They have sometimes been referred to the period of the 
‘ 50-Ft. Beach,’ and sometimes to that of the later ‘ 25-Ft. Beach.’ The southern 
margin of the Carse of Forth is a bluff eroded in the main out of loose material, such 
as earlier raised beach deposits. ‘This feature is in direct continuity with the margin 
of the ‘ 25-Ft. Beach,’ which forms a similar cliff, and extends down the estuary. 
There is therefore little doubt that the formation of the Carse and of the ‘ 25-Ft. 
Beach’ was contemporaneous. There is evidence to the same effect with regard 
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to the Carse of Tay, and the conclusions are borne out, to some extent, by the 
pollen analyses of Erdtmann. He investigated peats lying above and below the 
carse deposits, and deduced that the clays themselves must belong to the Atlantic 
period. The Atlantic age of the ‘25-Ft. Beaches’ of Scotland and Ireland is 
generally admitted. 


Dr. M. Macgregor. 

While the main events in the post-Glacial history of the region are well established, 
there are gaps in our knowledge of the detailed succession to which attention may 
be drawn. The intermediate beach features which occur locally on the coasts at 
heights of 60 to 75 ft. probably represent temporary halts in the fall of sea-level that 
took place at the close of 100-F't. Beach times. Not much is known of their deposits, 
however, and it would be of great interest to ascertain if these yield anywhere 
definite evidence of an amelioration of climate. There is also much work to be 
done on the sand and gravel deposits which fringe the inner margin of the 100-Ft. 
Beach. ‘These represent outwash material laid down near the margins of retreating 
glacier ice and frequently show the hummocky kettle-hole topography characteristic 
of such deposits. ‘They differ, however, somewhat in age ; some of them, at lower 
levels, have been apparently planed to a more or less level surface by the action of 
the 100-F't. sea, while in other cases there is evidence that they continued to form 
throughout 100-Ft. Beach times. Any attempt to reconstitute the physiography of 
100-Ft. Beach times must also take into consideration the question of assigning some 
of the high-level terraces along the rivers to the same period. There would seem 
to be an opportunity for detailed research along such lines. 


Dr. R. Campbell. 

Although the late-glacial age of the deposits of the 100-Ft. beach is well established, 
much detailed work remains to be done in correlating these deposits with the moraines 
and outwash gravels belonging to the last readvance of the ice in north-eastern 
Scotland. Re-examination of the ‘ shelly arctic clays’ of the Forth and Tay areas 
is desirable, since, particularly in the case of poor exposures, the clays of the 100-Ft. 
beach sea may be confused with the shelly boulder clays of the earliest glaciation 
of the region. 

So far as the problems of the post-glacial raised beaches are concerned research 
along the following lines may be suggested : (1) More accurate determination of 
the changing levels of the various beaches ; (2) more thorough investigation of the 
fossil-content of the beaches ; and (3) investigation of the associated forest- and peat- 
beds primarily to settle the question of whether they all belong to one period. 


Mr. C. F. Davidson. 

The raised beaches of the Tay region are seldom fossiliferous, and information 
concerning their climatic equivalent is most readily obtainable from the contem- 
poraneous off-shore and estuarine clays. Locally the 100-Ft. Beach appears to be 
overlain by outwash sands and gravels, though the extensive fluvioglacial deposits 
between Wormit and Leuchars were deposited prior to 100-Ft. Beach times. 
Estuarine clays of 100-Ft. Beach Age, excavated at Errol and Montrose, possess an 
intensely arctic fauna, characterised by the molluscs Chlamys groenlandica (Sow.) and 
Saxicava arctica (Linné), and the foraminifer Elphidium arcticum (Parker and Jones). 
These clays are in part contemporaneous with the late-Glacial readvance of the 
ice described by Simpson. The well-developed raised beach at 50-60 ft. O.D. is 
seen at Barry to overlie arctic clays with similar fauna, and is represented in the 
Carse of Gowrie by clays of boreal to temperate climate in which Ostrea edulis (Linné) 
makes an appearance. It is doubtful if the Tay Forest Bed is of one definite horizon : 
two or more peat beds have been recorded from various localities (e.g. at Dundee 
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Post Office), and the peat may have been formed in parts of the estuary cut off from 
the waters of the firth by a sandspit or similar barrier, as at Kinfauns to-day. The 
25-F't. Beach, with estuarine equivalents (Carse clays) rising somewhat above this 
altitude, has a fauna approximating to that of present times. Investigation of the 
tide records of Dundee Harbour over the last century show that the land is now 
stationary. Rapid coastal erosion is taking place in the Buddon Ness area. 


Mr. F. W. Anderson. 
* 


Dr. T. S. Westoll.—The fossil fishes of the ‘ Caledonian ’ Old Red Sandstone. 


The Lower Old Red Sandstone fishes of the ‘ Caledonian’ region are of great 
morphological and stratigraphical importance. They include Agnatha (Anaspida ; 
Heterostraci, e.g. Coelolepids and Pteraspidomorphs ; Osteostraci, e.g. Cepha- 
laspids) and numerous Acanthodians. ‘True Elasmobranchs, Placoderms and bony 
‘ teleostome ’ fishes are conspicuously rare or absent. 

Morphological Importance.—Stensi6 (1927, etc.) showed that Cephalaspids and their 
allies were jawless creatures, with functional gill-pouches in front of the equivalent 
of the mandibular arch of living higher vertebrates ; this is an important contribu- 
tion to the theory of the vertebrate head. ‘The loss of the anterior gill-diverticula 
in progressive vertebrates is related to development of jaws. Watson has shown that 
the Acanthodians represent an intermediate stage of evolution, with a complete 
gill-slit in front of the hyoid arch, and has used this evidence in a new classification 
of the primitive fishes. ‘The Agnatha and Acanthodians provide important evidence 
of the nature of the vertebrate paired limbs. 

Stratigraphical Importance.—Yishes are found in Lower Old Red Sandstone (in- 
cluding Downtonian) of Britain, Spitzbergen, Eastern Canada, etc., and sparsely 
in equivalent near-shore marine sediments in Europe. Certain peculiarities in 
distribution (e.g. scarcity or absence of Arthrodires in Scotland) may be regarded 
as controlled by ecological factors, sometimes indicated in the nature of the sedi- 
ments. Nevertheless, the fish-faunas allow a satisfactory broad correlation to be 


attempted. 
* * * 


Discussion on The boundary between the Old Red Sandstone and the 
Carboniferous. 


Dr. M. Macgregor. 


In the Midland Valley of Scotland the strata referred on the one hand to the 
Upper Old Red Sandstone and on the other to the Cementstone Group at the base 
of the Carboniferous form a conformable succession, and may be regarded as marking 
the initial stages in a major sedimentary cycle. The two series were deposited 
under different physiographic and climatic conditions and the rock-types character- 
istic of each are in general quite distinct. Recent work in several areas has, however, 
emphasised the difficulties of finding a definite stratigraphical boundary line and 
the problem is certainly an important one to the field geologist who has to construct 
detailed maps. ‘The change in sedimentary facies indicates a transition from one 
set of climatic conditions to another and this transition was not accomplished or 
the new conditions stabilised everywhere at the same time. Lithological criteria 
accordingly do not provide decisive evidence of contemporaneity. Paleontological 
considerations, again, appear to offer, on the information so far available, no con- 
clusive answer to the problem. The occurrence in the Edinburgh district of plant 
remains of Lower Carboniferous type in strata which on lithological grounds would 
be assigned to the Upper Old Red Sandstone may be cited as an illustration. The 
present communication deals briefly with the historical aspects of the problem and 
with the general tectonic, lithological and paleontological considerations involved. 
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Dr. W. Q. Kennedy. 


Within the Midland Valley of Scotland, the lithological boundary between 
sediments of Upper Old Red Sandstone type on the one hand, and those characteristic 
of the Cementstone Group of the Carboniferous on the other, does not appear to 
represent a true time horizon, but varies in position from district to district according 
to the local physiographic conditions which accompanied deposition. If, according 
to the accepted convention, the base of the Carboniferous is drawn at the lowest 
shale-cementstone horizon, the Cementstone Group, particularly in the West of 
Scotland, is frequently found to include strata which, on purely lithological grounds, 
would be assigned without hesitation to the Upper Old Red Sandstone. ‘The two 
series are therefore regarded as distinct sedimentary facies, and it is concluded that 
no age significance can be based on their lithological characters. 


Prof. G. Hickling, F.R.S. 


Prof. T. N. George. 


The South-Western Province.—In southern Pembrokeshire and in Devon and 
Cornwall the Carboniferous rocks (Lower Limestone Shales and Upper Pilton Beds) 
rest conformably on marine Upper Devonian (Famennian) rocks, and the two forma- 
tions are generally similar in lithology and in possessing a rich brachiopod-lamelli- 
branch fauna. ‘There is then no very obvious intra-formational junction between 
the Lower Pilton Beds and the Skrinkle Sandstones on the one hand, and the Upper 
Pilton Beds and the Lower Limestone Shales on the other. 

Elsewhere in the South-Western Province, in the Mendips, the Forest of Dean, 
Glamorgan, and Breconshire, no marine Devonian sediments occur, and there is 
a great and very abrupt change from the continental red coarsely-terrigenous 
unfossiliferous beds of the Upper Old Red Sandstone to the marine shalet and 
limestones of the Lower Avonian. Westwards, along the northern outcrops in 
Carmarthenshire and Pembrokeshire, the relation between the two formations is 
one of unconformity : in this ground, however, the Upper Old Red Sandstone was 
probably never deposited, and the break is probably not attributable to early 
Hercynian (Bretonic) movements. From Pembrokeshire to the Mendips the major 
marine transgression occurred in post-Famennian times (though it was preceded by 
a Famennian transgression), and the basal beds of the Lower Limestone Shales 
generally contain an Etroeungtian fauna with Avonia, Productella, and characteristic 
lamellibranchs. The Devonian-Carboniferous boundary is conveniently located at 
this stratigraphical break. 


Prof. W. T. Gordon. 


Excluding marine alge, two major breaks occur in the sequence of upper 
palezozoic plants, one above the Middle Old Red Sandstone and another above 
Lower Carboniferous beds. Between these limits a bipartite (upland and marsh- 
land) flora occurred. 

Collecting localities—and there are few—are frequently uncertain stratigraphic- 
ally, and the beds distinguished by local names, without reference to other 
localities, thus needlessly complicating the issue. Confusion has also accrued by 
using names in two senses, e.g. the Gilboa trees occur below the Gilboan zone and 
not in it. 

There are, however, five Upper Devonian—Lower Carboniferous genera that 
are good indexes. Two are probably upland, three marshland forms. Associated 
plants may be interesting botanically, but, taken by and large, have little strati- 
graphical value to date. 

Callixylon is ‘ predominantly a Devonian genus’ (Arnold), Pitys as certainly a 
Lower Carboniferous type; Archeopteris (Paleopteris), again, is Devonian, while 
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Telangium and Rhacopteris are characteristically Lower Carboniferous forms. Each 
has a wide geographical and a short geological range, each is fairly common and 
even fragments can generally be recognised. 

As a debating point for the purposes of this discussion therefore, it is suggested 
that the Upper Devonian—Lower Carboniferous flora is a unit, but that it could be 
subdivided into an earlier, characterised by Callixylon and Archeopteris, and a later 
with Pitys, Telangium and Rhacopteris. (Admittedly rare examples of the last two 
have been found at higher levels.) Other members of this flora are rare or long- 
ranged. 


Dr. T. S. Westoll. 

The standard vertebrate faunal successions of the higher Devonian are in Scotland, 
Spitsbergen and East Greenland. The broad ‘ zones’ (based mainly on Antiarcha) 
are of wide application. In East Greenland, Save-Séderbergh has recognised the 
following zones and correlations : 


Upper Sandstone Series up to 120m.-+  ? Dinantian or Namurian. 
Arthrodire Sandstone Series up to 500 m. ? Devonian or Carb. 
Remigolepis Series up to 800 m. 

Phyllolepis Series (-+- Bothriolepis) Devonian. 

Bothriolepis Series (without Phyllolepis) (up to 700 m. 


The Phyllolepis Series must be correlated with the highest fossiliferous Old Red 
Sandstone of Scotland (Rosebrae, Dura Den). In Fife the Dura Den horizon is 
only a little below the accepted base of the Carboniferous, and there is no sign of 
marked unconformity. The Remigolepis-fauna has not yet been found in Europe, 
and these beds, though containing an Old Red Sandstone type of fauna, may be 
contemporaneous with the lowest Carboniferous elsewhere. ‘This is in agreement 
with the evidence of fish-faunas occurring in Famennian rocks. The most primitive 
Tetrapods (Ichthyostegalia) occur in the Remigolepis Series with the last Phyllolepis ; 
exact age-determination is thus a matter of considerable interest. 


Mr. V. A. Eyles. 


The paper deals with the Ayr and Kilmarnock districts of Ayrshire. Here there 
is complete conformity between the two formations. Very little paleontological 
evidence is available as to the age of the beds classed as Upper Old Red Sandstone, 
but the scanty fish-fauna recorded supports their assignment to this formation. 
In addition, the beds are very similar lithologically to the Upper Old Red Sandstone 
in other parts of Scotland, being predominantly red in colour, and containing 
numerous cornstone horizons. On the other hand, there is an interbanding of the 
lithological types characteristic of each formation at their junction, and a recurrence 
of Upper Old Red type of sedimentation, including cornstones, some hundreds of 
feet above the base of the Carboniferous. 


* * * 


Mr. E. H. Davison.—The solubility of rocks. 


For the past four years the author has carried out experiments to determine the 
solubility of various rocks, and he read a paper on the subject before the Mineralogical 
Society in June of last year. 

The method employed is to crush the rock to pass a 30-mesh sieve and lie on 
a 50-mesh sieve and then leach the crushed rock by aerated, distilled water. After 
five leachings with the same lot of water it is evaporated to dryness and weighed. 
This operation is repeated 25 times. 

The rocks so treated included granite, gabbro, granite porphyry and odlite 
limestone. 
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In the case of each rock an appreciable amount of dissolved material was 
obtained, the weight being between 1-1 grams and 1-3 grams. 

The graphs representing the successive leachings of each rock were not simple 
curves but showed high and low solubilities in succession. 

It was noted that in the case of the granite the dark micas were attacked very 
early in the leaching and developed a halo of limonite. 

Also in the case of gabbro and odlite limestone, calcium carbonate went into 
solution and was, to some extent, deposited between the rock grains. 


* * * 


Mr. F. W. Anderson.—Algal limestones in the Calciferous Sandstone Series of 
East Fife. 

The Calciferous Sandstone Series in East Fife is composed of arenaceous, argil- 
laceous and calcareous deposits laid down in a shallow brackish-water lagoon. 
Periodic marine invasions alternating with extreme shallow water and coal-swamp 
conditions imposed an irregular rhythmic order on the sediments. Correlation 
with the Calciferous Sandstone Series in other parts of Scotland depends largely on 
the possibility of identifying a similar sequence of rhythms. Correlation with the 
Lower Carboniferous beds of northern England can only be approached by a study 
of the periodic marine episodes in the Scottish deposits. 

Many of the marine limestones in East Fife contain calcareous alge and a detailed 
examination of these suggests that they must have been formed under very special 
conditions. In spite of great differences in external appearance these algal lime- 
stones have several features in common—they all contain abundant detrital quartz, 
they all show signs of pene-contemporaneous brecciation, and usually some degree 
of dolomitisation. ‘These characteristics point to a static condition in a sea-floor 
which was silted up to its highest limit, and if this was due, as is believed, to regional 
and not to local tectonics, algal horizons should be of value in correlation over wide 
areas. 

* * 


Mr. F. W. Anderson.—Ostracod zones in the Wealden and Purbeck beds. 

Any attempt to establish a zonal scheme for the Purbeck and Wealden succession 
is more than usually bound up with the study of facies. In the Purbeck-Wealden 
lagoon conditions varied constantly from fresh-water to brackish with periodic 
marine episodes, complicated during the Lower and Middle Purbeck by rapid 
evaporation which resulted in the deposition of gypsum and rock-salt. Ostracods 
appear to be particularly sensitive to changes of salinity so that the faunal assemblage 
was constantly changing its character. At the same time the several gens com- 
posing the ostracod fauna were evolving and periodically throwing off new species. 
Out of this plexus of changing forms and variable conditions it is possible to dis- 
tinguish a broadly outlined scheme which may be regarded as a zonal succession. 

Within this zonal scheme, the marine bands, though containing no specially 
diagnostic forms, allow of further subdivision. 

Five zones are proposed for the Purbeck beds to be indicated by the species 
Candona bononiensis, Cypridea granulosa, C. fasciculata, C. punctata, and Langtonia setina, 
and five for the Wealden to be indicated by Ulwellia menevensis, Cypridea tuberculata, 
Morinina dorsispinata, Candona henfieldensis and Ulwellia clavata. 


* * * 


Mr. L. Wager.—The trend of fractional crystallization of basalt magma. 
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ADDRESS TO SECTION E.—GEOGRAPHY 


By A. STEVENS, 
PRESIDENT OF THE SECTION. 


THE most conspicuous geographical concept whose enunciation is associated 
with British geographical thought is that connected with the phrase, Natural 
Geographical Region. In spite of much—rather sporadic—discussion, the con- 
cept remains obscure. Many who would like to employ the term are shy of 
it: they shorten it to natural region, and some limit the meaning of the epithet 
natural to the physical, the inorganic; they distinguish the geographical 
region ; they refer to economic, to ‘human use’ regions. All this hedging 
about terms is a sure indication of uncertainty of grasp as well as of diversity 
of view. And yet, if the concept, natural geographical region, were clear 
and well defined, and recognised as the fundamental object of geographical 
study, a foundation would be laid for one real school of British geographical 
thought in which many, if not all, could find ground for co-operation. 

Search in the writings of Herbertson reveals the idea to which we are 
devoting this hour as a conceit rather than a concept, if we may revive a dis- 
tinction fast becoming obsolete. It is true that the main force of the master’s 
teaching is not to be found in his written word, and regrettable that his germ 
of thought seemed to miss a medium in which it might have developed to 
fruition. In his papers dealing with the matter Herbertson spent himself in 
analogy instead of inquiring whither the new concept might lead. If not he, 
then some of his disciples were caught up in the momentum of the pendulum 
swing away from the use of political divisions as regional units, even when 
realising nevertheless that the most satisfying examples quoted as natural 
regions showed human, and in some cases a kind of political, unity as their real 
index. The major natural regions which Herbertson defined were, as is well 
known, essentially climatic regions. I imagined that somewhere Herbertson 
indicated a belief that in similar natural regions the course of human develop- 
ment might be expected to follow similar lines, but it is first in a paper of 1927 
by Roxby that such a view becomes explicit in work by one of the Oxford 
school. 

The concept of the natural region is associated with the normal indications 
of inevitableness and universality. We need not search for its Lamarcks and 
Erasmus Darwins beyond the days of Ritter. Hettner in Germany and Vidal 
de la Blache in France converged in thought with Herbertson. In practice 
the French seem to us to work on the sounder lines: they are happy and 
fortunate within the limits of their pays so long as they have sufficient traditional 
knowledge to guide their selection of region. They have not, it appears to us, 
adequately examined the basis of their limited success. The Germans, on 
the other hand, have gone most thoroughly along the same path as we, but far 
less falteringly. With unsmiling thoroughness they have achieved a ludicrous 
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reductio ad absurdum and never appreciated it. To Landschaft they have added 
Kulturlandschaft, employing the German vernacular in two different senses in a 
pair of related terms. Would their risibility have withstood the step of con- 
sistent thoroughness to Kulturland and Kulturerdteil ? 

The term originally used by Herbertson was natural geographical region. In 
most writing the middle word is dropped. Roxby says that a natural region 
is characterised by a particular set of physical conditions. We quote him, not 
because he sins more heinously than the rest of us, but because he thinks 
clearly and writes better than most. But a uniform set of conditions is hard 
to find extended over a region of any considerable area. ‘This is to be expected, 
of course : in asufficiently small region one would find uniformity, or ‘ practical’ 
uniformity, but in a large one it is necessary to search for unity within diversity. 
For large areas the ‘dominant’ physical condition becomes the criterion. 
Herbertson regarded climate as dominant in the characterisation of his major 
natural regions of the glcbe, and this lapse in logic evoked serious criticism 
on the occasion on which he first propounded his views. The criticism was as 
immature as the thesis. No one, so far as we know, has entered on a systematic 
consideration of the geographical relevance of the various physical conditions, 
and an examination of this relevance would seem an essential preliminary to 
the establishment of dominance. Such occasional—and usually disingenuous 
—flirting with the question as occurs would indicate what is probably true, 
that any attempt in this direction is, in practice, hopeless. 

Assuming the existence of a natural region in the physical sense, the obvious 
method by which it is to be determined is to plot on a series of maps, each for 
a single category, all the physical characters. By superposition of the series 
the natural region would be defined. It is perhaps occasionally possible by 
this method to get a ‘ core’ of uniformity surrounded by a margin of greater 
or less extent where the primary distributions overlap. We accept without 
difficulty the conclusion that natural regions have not, as a rule, definite 
boundaries, but are separated by ‘ areas of transition,’ and we suffer without 
undue discomfort the inconvenience of the indefinite. We should do better to 
consider whether it is not to be concluded that regions so ‘ determined’ are 
unnatural and the procedure uninformed. 

The usual kind of regional treatment follows a similar method, in English 
and German texts especially, but also in the French. The various categories 
of physical facts are described, and frequently they are analysed as if they 
were, from the point of view of geography, facts-in-themselves, and not relevant 
merely in a special connection. ‘The orderly succession proceeds from geolo- 
gical structure through climate to technology, with varying emphasis, but little 
evidence of any principle of selection. There may follow or be interjected 
some description. of flora and fauna. Then there is an abrupt change to 
‘human’ matter, which may be pure demography or pure ethnography or a 
mixture. But the relation of this epilogue to what precedes is obscure. The 
reader has presented to him no picture of an organised whole, and has no sense 
of a completed job. He has a detailed description of the same graphic value 
as a full census of the composition of a forest. The place for such matter is a 
pigeon-hole, its function the amassing of dust until such time as it is disturbed 
by one of the unduly curious. Put the due proportions of pinions and springs 
and brass plates in a box and call ita clock. You will perform more reasonably 
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in this respect at least, that you have paid due attention to selection of 
material. 

The ultimate fallacy underlying this kind of thought or procedure is that it 
begins by assuming a duality, the physical and the non-physical, the human and 
the non-human, the natural and the artificial. It brings geography to the 
stage reached by the Schoolmen when they disputed between form and matter, 
matter and spirit, and questioned the possibility of knowledge. We are not 
concerned about absolute knowledge or complete knowledge, but only about a 
particular kind of knowledge and only about the attainable extent of that. 
We are concerned with physical and biological nature only in so far as it may 
be regarded as human environment and only with man in so far as he has 
demonstrable relationships with the environment. 

Many will agree well enough with this last statement, but some of them, 
if not all, will insist that the method of geographical study is a synthesis or an 
integration. In one instance the meaning attached to these words is some- 
what clear. The Germans regard the Landschaft as a member of the Land and 
the Land as a component of the Erdteil. Among English writers Unstead is 
identified with something similar. He distinguishes different ‘ orders’ of 
natural regions, as Herbertson did theoretically. But Unstead seems to regard 
natural regions of a certain order as more or less infinitely divisible, and he 
builds up larger regions from units to which he applies the term Stow. A 
Stow may be the valley of a brook. It is easy to see that he may achieve a 
good deal of physical uniformity by taking his area so small, but it is difficult 
to see how he can achieve anything in the way of positive unity. To add 
physical units is, in any case, not to perform either an integration or a synthesis. 
The absence of cohesion in so many ‘ synthetic’ geographical accounts, the 
failure to present anything resembling a finished composition, is sufficient 
comment on the success of geographical ‘ synthesis ’ in present practice. 

Synthesis is not addition : it is a complex process for which there are no 
general rules. The chemist performs it successfully, but in special and indi- 
vidual cases. The mathematician is our best integrater. He may begin 
with a function of x and is as likely to end with a new branch of mathematics 
as with a reasonably simple new function of his variable. Neither of these 
magicians can operate with dissimilar things. You cannot integrate man and 
his environment. Those who believe so have been carried away with a word 
and imagined it a thought. 

I suppose something analogous to synthesis might be said to go on between 
man and his environment. If this analogy do not lead us astray once more, 
we might say that man is the synthetic influence. History is a spectator of the 
process, more or less blinding itself to everything but the time element. ‘The 
geographer does not synthesise, because he cannot, but he also is a spectator 
of the process primarily interested in its development in space. Man must be 
looked at objectively by the geographer and even his significant antics must be 
taken to be as natural as the physical environment. The natural geographical 
region is a result of what, for want of a better word, we may agree to call 
synthesis proceeding in nature, under our eyes, but not by our voluntary 
action. There are two aspects of this synthetic product : the environmental 
aspect, essential to which is man himself, and the human aspect, which is 
much the same as to say the functional aspect, using the language of ecology. 
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Dissociation of these has led geographers to attempts for which they are not 
qualified and certain unqualified students to call themselves geographers. 
‘Geography,’ a biological colleague used to say with reason—‘ what is geo- 
graphy? We all teach geography.’ 

For these two aspects of the same thing there are convenient names, but it 
is essential to remember that coherent geography must regard them as indicat- 
ing mere aspects of the same thing. The one is region, and it focuses attention 
on the environment as space. The other is community, and it indicates that 
special attention is to be paid to the functioning, or dynamic, aspect of the 
case. The natural geographical region must be defined by reference to both. 
Otherwise it is necessary to drop the geographical. The physical region of 
‘uniform’ or ‘ dominating’ physical characteristic may interest the topo- 
grapher (in the survey sense), the climatologist, the pedologist. It is an 
irrelevance in geography. 

With natural perversity various writers have seemed to approach this way 
of thinking and shied away from it. For your iconoclast is but the prophet of 
a different idol and nihilism is but the technique of the quack vendor of another 
political nostrum. The too enthusiastic, and the disingenuous, thinker, each 
has a fatal attraction to the false analogy and the undefined term. We must 
inquire what may legitimately be meant in the language of geography by the 
totality, the unity, the functioning and the evolution of the natural region. 
As to the first, there are some innocent souls who take it absolutely. Encyclo- 
pedism died with Diderot: we may leave them to their quest of ALL 
KNOWLEDGE. We may smile gently at their efforts to train Jacks of All Trades, 
wryly at the contribution they make to geographical repute. Unity within 
diversity, active functioning, progressive evolution are all to be associated with 
an organised whole, and it is this organism we have to seek, to study, to define. 
Let us embark on the perilous sea of Analogy : with due consideration of the 
uninsurable risk of this kind of navigation. 

The naturalist is familiar with the idea of an organism growing in a suitable 
medium and so permeating it as to produce an indivisible whole of organism 
and environment. The image is perhaps more striking where the environ- 
ment is itself living : sacculina in the crab, a cancer in the human body ; all 
the phenomena of parasitism and symbiosis. The image is the same if we 
think of the mycelium from a mushroom colony permeating the manure heap 
prepared for it. Hear the parable of the gardener transferring to a suitably 
small pot of compost a seedling he is ‘ bringing on.’ In course of a remarkably 
short time the whole pot of soil is invaded by roots, but the plant-pot-of-soil 
remains a growing and perfecting synthesis until there appears clear evidence 
of distress in the seedling and roots begin to emerge from the soil. ‘The system 
has then reached a stage of decadence and must perish and be succeeded by 
some other. But had the pot been stood in the garden, and not separated 
from all continuity with soil, while the roots were still in a state of rampant 
growth, and long before the pot-bound condition was reached, they would 
have pushed out through the drainage hole, and at the cost of some energy and 
inconvenience, the system would have been extended in space and in time. 
On the other hand, had a tiny plant been set in a nine-inch pot, long before 
it had grown into competence to deal with its accessible medium the greater 
part of the soil in the pot would have been ‘soured’ and again extinction 
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would occur, premature extinction. Let it be noted that while the gardener’s 
most active interest is in the pots that contain his plants, he is not indifferent 
to other pots or other soil which in the future he may come to use. He stops 
short of becoming a pedologist before he dare plant a lettuce, of considering 
the processes of weathering before he throws out his exhausted or soured soil 
for nature to deal with. 

The natural geographical region must be an organised region. The 
organising agent is the human community : community and region are but 
aspects of the same organism. It may be suggested that the morphology of 
this natural geographical region is the interest of geography—its morphology 
as a whole, not its histology, and not directly its physiology. Quite outside 
the subject lie those studies such as geology, geomorphology and climatology, 
which deal purely with the environment and have proper dynamic problems 
of evolution or change. Without it lie also those studies which are concerned 
with man, the individual or the community. The limits dividing these 
disciplines from the geographic must be clear-cut. History alone seems 
impossible absolutely separate from geography. The besetting sin of the 
geographer who trespasses is the adoption of the alien point of view. 

The boundaries of the natural region (in our sense) are definite enough ; 
which does not mean that they are necessarily simple or easy to trace. Where 
they are common to another natural region they are clearest. ‘These boundaries 
indicate a state of equilibrium which may be stable but cannot be static. 
Change may occur in their position or in their condition. The most active 
normal change occurs when they are advancing unto unorganised country or 
relatively unorganised country. Such advances occur during colonisation, 
even if that proceeds overseas. Their tendency is centrifugal, their actual 
development in space is limited by conditions. Organisation by Rome was 
more or less regularly centrifugal, the advance of Germanism was eastwards. 
The boundaries of a natural region may be indifferent to natural (physical) 
boundaries. For an organism must have continuity in its medium, but con- 
tinuity does not preclude variety. So the boundary of a natural region may 
cross a mountain range, partition a river valley, divide a coalfield. And it 
may be a better boundary for so doing. The time factor (relative time) is im- 
portant here, for the question of stability, equilibrium, is a question of adjust- 
ment. It is no hardship to the economic structures concerned that France, 
Belgium, Holland and Germany share one coalfield. Their political frontiers 
antedate their industrial development. For the Romans the Rhine divided, 
for the Germans it unites, for the French it still separates. The flanks of a 
mountain range separate and are easily held ;_ the passes connect. 

For Herbertson with his analogies man represented the nerves of a natural 
region. Not so: man is the living principle. The nature of that principle 
is not the subject we are called to study. The nervous system, if we must 
have analogy, is the means of communication in the widest sense ; and the 
analogy is unduly narrow, for means of communication have nutrient as well 
as co-ordinating functions. In this place, it is true, we are less concerned with 
the former, for the purpose is to define the natural geographical region. 

The unity of the natural geographical region is achieved, maintained and 
developed by organisation, by cohesion, and this cohesion is attained and 
extended by intercourse, at first within and later beyond the region, provided 
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the organic development is an indigenous growth. Since the fourteenth 
century the means of communication of the type associated with Western 
Europe has been undergoing continuous but uneven development. This 
development was stimulated by overseas discovery, but its progress gained 
speed of a new order in the nineteenth century with the concurrent develop- 
ment of railways and large-scale manufacture, and the acceleration has pro- 
gressively increased until our day. In consequence the range and intensity 
of organising ability and power have increased. ‘The most satisfactory natural 
regions to contemplate, and to appreciate from geographical writing, had been 
fully organised and had their identity recognised before the modern era began. 
One has but to think of the French pays, and the deterioration of the work of 
such a master as Vidal de la Blache beyond the Paris Basin. No doubt the 
conservatism of the French countryside and the degree to which it was able for 
so long to preserve its archaic cohesions has made it a specially favourable 
field for regional studies. But traces of such a division of the country are not 
wanting in Scotland. Even in the Midland Valley names like Menteith and 
Lennox have not completely lost regional content, while names of regional 
significance are common enough north of the Highland Line. Elsewhere 
access to extraneous sources of necessities and the means of establishing wider 
loyalties have obliterated local character and submerged local unity. What 
are the pays of the Rhone Valley ? The speed of modern change has confused 
a great deal of thought. 

There are minimum and maximum sizes for natural regions. The minimum 
is determined by the least extensive area, in extent and variety of natural 
endowment, capable of being organised and maintained, by its resources, 
physical, biological and human, for cohesion, sustenance and defence. The 
maximum is determined by the efficiency and range of means of communica- 
tion. Both maximum and minimum vary in time. 

Two types of organisation must be distinguished, and we shall call them 
conscious and self-conscious respectively. ‘The former is primitive and appears 
less artificial. The latter is very modern. It is a development made possible 
by progress in general, especially in the knowledge of the possibilities of 
‘planning,’ and of the ‘ management’ of environmental conditions ; and in 
the development of means of communication in particular. The objective 
view of man excludes the possibility of regarding his actions as artificial. 
Some of them we may think ephemeral or capricious, but they have their 
source in the nature of man. 

Natural regions must change in extent and otherwise with time, but the 
changes need not be continuous. At times of specially rapid change in human 
life the natural division into regions may almost suffer a revolution. But a 
true revolution, a sudden and catastrophic change, has occurred only in extra- 
European countries. In North America there must have been natural regions 
—or, if it is preferable, an analogue of a system of pays—of Indian times. The 
traces of these have been swept away, except what may be gleaned from such 
knowledge of tribal distribution as has persisted. We must distinguish natural 
regions of continuous and of discontinuous development. 

The train of thought here presented arose out of consideration of two cases, 
one of continuous and the other of discontinuous development, Russia and the 
United States. As we go eastwards in Europe the scale of the current ‘ natural 
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regions ’ increases, their characterisation becomes looser, the criteria on which 
their discrimination is based alter. This is explained, of course, by the dis- 
appearance eastward of ‘ marked’ features, the apparent poverty in variety, 
and so forth. It is also due to meagreness of information, whether absolute 
or relative to the individual writer. The division into soil or vegetation belts 
or into topographic basins and intervening plateaus, or the adoption of the new 
Soviet administrative divisions may satisfy the botanist, the geomorphologist 
or the student of administration: they ought not to satisfy the geographer. 
In Russia it is possible to distinguish very clearly four organisms developing 
under auspices which may be called indigenous and a fifth stimulated by 
agencies initially external. To none of these can completely determined 
frontiers be assigned for a reason which will appear later, but it is evident that 
these boundaries will pay little heed to the ‘ natural’ boundaries we are 
accustomed to recognise. The regions are respectively that which was 
Novgorod and now is Leningrad ; Muscovy or the Moscow region, which the 
Soviets subdivide administratively ; Kiev—the traditional division into White, 
Great and Little Russia, more or less. The fourth is the Central Urals, or the 
Chusovaya-Ufa Valley region, and, in a sense, is a successor to an older Permia, 
with which it does not coincide. The fifth may be called the Azov-Black Sea 
commercial and industrial region, and owes its differentiation to trade in 
wheat and to Franco-Belgian interest in its industrial materials. It is not 
really hard to find other natural regions to fill up the country, but their 
characterisation is less definite and their limits very uncertain. 

In the case of North America the divisions customary in regional descrip- 
tion are based on criteria mainly of two different orders. They are the topo- 
graphic regions and the ‘ human-use’ regions. Such shifting of ground is not 
scientifically sound nor is it intellectually satisfying. On the criteria now 
proposed it seems possible to distinguish in the whole of the United States but 
two divisions east of the Cordillera : New England, and a region corresponding 
to the State of Ohio with Indiana and part of Illinois—more or less. Here, as 
in Russia, is much unorganised territory: in both the regions are more 
extensive than in Western Europe. 

The difference in scale would appear to be due to difference in topographic 
fragmentation—before due consideration has been given to the matter, as 
long as we consider the physical more fundamental and permanent. But it 
is neither. What is fundamental is relativity to man. Space, height, slope, 
areas at the time unproductive, all these represent difficulties in the problem 
of instituting and operating means of transport. At the present moment all 
of them within terrestrial limits have their price in time, labour, ingenuity and 
risk. If the price is commercially—and even strategically—still too high, the 
practical possibilities are still of commercial magnitude. It is only a hundred 
years since the scale of land transport began to approach that of water trans- 
port. Crossing the Alps by forces of great military significance was almost 
as great a marvel in the days of Napoleon as in those of Hannibal. It was less 
perilous than the invasion of Muscovy. What strength in men and material 
could be launched across these obstacles of space and altitude to-day ? What 
‘ fifth column ’ of 1940 can be certainly held at bay by the most powerful or 
secluded or distant people ? 

The Natural Geographical Region is an active organism. The size of a 
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region growing freely is determined by the range of the means of cohesion. 
At a given time that range depends on the state of technical development of 
the community occupying the region in relation to the problems presented 
by the nature of the medium. If technical development is relatively stagnant, 
but territorial development is undisturbed, the ‘ organism’ will expand up to 
boundaries which for topographic reasons, but also, it may be, on account of 
mere distance, are insuperable at the time. The state of equilibrium so reached 
in empty, barren or distant areas will be fluctuating. Improvement in the 
means of communication will produce an expansion of the organism, provided 
it is free to expand. Ina‘ new’ country like the United States, that is, where 
the history of development is discontinuous, to the expansion of regional units 
are set the very wide limits compatible with modern means of communication. 

Efficiency of communication may become uneven. Long distance com- 
munication and bulk movement of commodities have undergone hypertrophy, 
while the more intimate contacts which produce ‘ neighbourliness’ are weak. 
Very large areas may be fed, policed and defended. National organisation is 
in a stable condition. Insuch conditions natural regions of the order of pays are 
never likely to develop, or, at least, to have more than a very ephemeral exist- 
ence, until population densities are very different from their present condition. 
If regional unities of the nature of pays develop they will be on a vaster scale. 

Some at least of the commonly recognised regional divisions both of Russia 
and the United States are represented, mistakenly of course, as regions of 
monoculture with a characteristic crop produced under suitable climatic 
conditions. In fact, the corn belt is as much a region of mixed farming as the 
dairying belt and there is a great deal of pasture, largely unimproved, in both. 
The pressure of population on the land is low, and the region-community 
organism is far from the condition to which the ecologists apply the term 
climax association. A state of equilibrium has not been attained. Two pro- 
positions follow from these considerations : the relation between the community 
is so loose that its activities do not fully reflect the conditions of the environment ; 
the more intimate and less organisable contacts within the community are so 
indefinite that what we may call regional consciousness is rudimentary. At the 
same time what we have referred to as self-consciousness is of an advanced type. 
The ‘human use’ region, as usually distinguished, is an area of undeveloped 
economy. The natural geographical region emerges from chaos only when it 
has evolved to the stage at which it can be clearly recognised as a synthetic 
whole with what the French would call ‘ personality.” When this stage of 
climax association has been attained we are able to assess the relative significance 
of environmental (physical and other) factors ; for this cannot be done satis- 
factorily except by using the nature and activity of the community as an index 
in the same way as the natural vegetation of a region has been employed as a 
climatic index. The climax condition when it has been attained is not neces- 
sarily permanent. It may change with greater or less rapidity in time, and 
the obvious reasons for change are human progress, chiefly technological, or 
the reverse, and exhaustion of resources, notably mineral resources, absolutely 
or due to alteration of values. 

I do not know whether Russia ever reached a ‘ climax’ condition. If we 
think of the shortness of modern Russian history as such and of the slowness 
of progress towards the condition aimed at now, we might easily think not. 
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Pressure of population on the land was certainly locally heavy, but perhaps in 
general light. Even here there is a doubt, because there is a factor in intensity 
of pressure on the land other than mere size of population: what is de- 
manded of the land, economic level. Isaiah Bowman held the view that grain 
export from Russia went on in spite of grain deficiency, and even the Soviets 
found it necessary to work on the principle enunciated later in a different 
application as, Guns before Butter. The spasmodic entry on the strait and 
narrow road to a paradise made in the image of Chicago has so altered Russian 
circumstances that the conclusions we have reached in regard to the United 
States may apply in the case of modern Russia also ; though this does not 
imply that the two are at the same stage in the progress to synthesis. 

In the more westerly parts of Europe the centrifugal processes were propa- 
gated from a number of centres during the course of development to present 
conditions. Through a great deal of it something like climax conditions were 
reached before the railway era, and to these conditions belong the French pays 
and the German Gau. Such entities occur east of the Rhine only within the 
sub-Hercynian belt of dense population, and not throughout the belt. In the 
extreme west they expanded territorially up to natural limits which, being 
narrow, kept them small. Had these close natural limits been wider the pays 
would have been limited by the advancing peripheries of other organisms and 
conflicts would arise which would be stilled only by coalescence into larger 
organisations by one of the methods known to history. Indeed the pays as 
we know it is no doubt a product of coalescence : as the smallest organism of 
the type, available for study, it may, merely for convenience, be regarded as 
indicating the practicable minimum. In areas more remote from the influences 
active in western Europe, and to the east in particular, slower progress in 
indigenous technology, greater obstacles to cultural importation, and corre- 
spondingly less rapid growth in population, absolutely and in relation to the 
extent of available territory, deferred to a comparatively recent date the 
attainment of the climax condition. The broader fragmentation of the country 
was a concomitant, but not at all necessarily the dominant, determinant of the 
territorially larger organism. 

Long before the railway era France and this country had achieved the more 
self-conscious organisation of the nation-state by coalescences of various kinds. 
The process was less satisfactory in Spain. All three were able to relieve the 
unease to which increasing efficiency of means of communication made them 
liable by overseas adventure keeping step with that growing efficiency. The 
relief was illusory in the case of Spain. Germany had respite of a similar kind 
because she had her colonial area to the eastwards, and there she still has 
colonial spaciousness even within her present restricted bounds. In that 
direction also lie some of her deracinated offshoots, as others share the United 
States with ours and the French are to be found especially in Canada. 

It is suggested that the European nation-state is a community occupying 
a natural geographical region as its immediate environment, because it is 
a natural growth limited by its geographical circumstances. Not only so, it is 
an organic phenomenon so characteristically European in its genesis, to be 
found nowhere else in a state of mature development; and therefore any 
European geography which failed to take account of it, indeed of which it was 
not the central object, ought to be unthinkable. The swing away towards the 
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novelty of the physical reason was a vain pursuit of novelty. Ifthe real natural 
region for geographical study is as we have held, and if the nation-state- 
country organism of Europe is the achieved synthesis of European geography, 
then the region which is characterised by a set of physical attributes is, geo- 
graphically, a misconception. For not only have many European states par- 
titioned one of the main ‘ natural divisions’ of the continent among them 
by stable frontiers, but it is unthinkable that any one community could develop 
that area as a whole and remain restricted to it. We refer to the North 
European Plain ; but there have been attempts enough to unify the ‘ Mediter- 
ranean ’ region, and there is sufficient division now and throughout historic 
time both there and in the Alpine region, where physical conditions favour 
severance rather than unity, to justify the same statement with regard to them. 
Physical conditions are neither more permanent nor more fundamental in 
geography than human. If in themselves they change less quickly than the 
characters of the living partner in the symbiosis, their significance and value 
changes rapidly, even suddenly, and sometimes disappears. And we do not 
really believe in the permanence or significance we predicate. For we approve 
and wish to maintain the further political subdivision which has taken place 
so recently in the North European Plain, we see reason in the demand for 
access to the sea or to a navigable river, but we boggle about allowing more 
than one nation access to a coalfield. 

These views bring geography nearer to reality, nearer to a real task, closer 
to the ‘ man in the street.’ They bring it back to earth and make it—and 
the services of its devotees—marketable. There are various ways of indicating 
repute, and that is as sound as any. In these trying days when every effort is 
required to understand and deal with perplexing problems it does not seem 
that, at least in this country, geography has made, or shown much sign of 
ability to make, a due contribution to the common effort. It will not so long 
as students of geography can gravely read a statement with regard to the 
subject such as this : ‘ Geomorphology together with climatology in its widest 
sense . . . appear in fact to constitute at least half of the legitimate field of 
the subject.” ‘What might be the fore (or after) end of this heraldic monster 
of a subject? If the geographer contents himself with doing with 25 per 
cent. of normal efficiency what is legitimately done by geomorphologists and 
climatologists, and pro rata with regard to any other disciplines in which he may 
consider himself free to dabble, can he claim to have a function of his own, and 
can he be regarded seriously ? In clamouring that his subject is the Cinderella 
of the sciences let him remember that no Cinderella finds her prince among 
the cinders. 

The study of the natural geographical region in being and in development 
offers the possibility of making in fact that contribution to human well-being 
which is claimed by history and can never be made by history alone. It offers 
suggestion, perspective and balance to those who have the conduct of affairs. 
In dealing with new countries its task must be to follow and understand 
evolution in progress at a given time. In older lands it is concerned with 
problems similar to those involved in keeping an archaic piece of machinery 
working as smoothly as may be. But it is also concerned with the necessity 
for renewals and for modernisation without the possibility of wholesale scrap- 
ping. The nation-state is certainly a synthesis, whether one is willing to call 
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ita natural region or not. It is the major unit of Europe, of whose nature and 
working we must give geographical account. We must distinguish within it 
its members and understand their several natures and functions. These are 
the proper minor natural regions. Pays and hoc genus omne are archaisms, 
primarily the concern of the geographer with archeological leanings, the 
historical geographer, without whose services any balanced regional morpho- 
logy would be impossible. And regional morphology of the actual functioning 
geographical individuals of our time and of their members is the contribution 
towards human well-being required of geography. 

We see the countries of Europe as natural regions, natural because they 
exist as phenomena demanding study, demanding it with a special urgency 
in these days. Their territorial development seemed to have culminated 
before the war, and before the present unrest it underwent readjustment which 
seemed to offer some prospect of stability. We must look for objective ex- 
planations of failure. These states grew into contact with each other and 
organisation permeated the whole of, or the more ‘ European’ part of, the 
continent. Not natural boundaries, but convergence of organisms set limits 
to expansion, especially for the later developed units, at a time when means of 
organisation were developing rapidly. The proper scale of organisation is no 
longer represented by the European nation-states but rather by the United 
States. Disturbance of equilibrium shows itself by unrest in the newer coun- 
tries which have not been disciplined by long confinement within narrow 
bounds and had their views of hegemony chastened by such a loss of territory 
and influence as the French suffered in the complete rape of an earlier empire, 
the British in the loss of their earlier colonies in America and by the develop- 
ment of increasing independence in the Dominions. For the countries east of 
France the region of colonial expansion has been continuous with the home- 
land ; the peoples of slower development whom they have replaced have been 
Europeans and have survived the disturbance of colonisation. ‘These countries 
do not appreciate the barbarity of applying in 1939 the moral principles applied 
by others in ruder times two centuries ago. 

In Germany we can distinguish extensive areas over which the mean 
density of population is comparable to that of this country. But to the east, 
especially, the Reich has extensive areas of relatively recent occupation which 
we have called its natural colonial region, that which it has in fact exploited, 
whether of choice or of historical necessity. There the mean density of popu- 
lation is scarce half as great. On the other hand, the former kingdom of 
Saxony has proved capable of maintaining a mean density twice that of Great 
Britain. The urgency of any problem of Lebensraum is fanciful. And straitness 
of living space is commonly relieved by more or less free movement of com- 
modities from abroad, compensated by similarly free exportation. Voluntarily 
or involuntarily Germany has to a large extent renounced this relief. The 
malaise seems by no means untreatable by other means. Germany is sensitive 
to, if not conscious of, the disproportion between the power to organise and 
rule and the space to be organised and kept in order. She believes in a 
Mitteleuropa, whatever theorist denies its legitimacy on ‘ natural’ grounds, 
and with reason. She could not contemplate the possibility of herself having 
lost the United States as we did. Were her colonies not ‘ stolen ’ at Versailles, 
while her acquisitions from Denmark and Poland were legitimate conquests to 
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be made as soon as she had accumulated allies sufficient to deal with the 
hordes of the Danes and the cohesion of the Poles? The tenacity with which 
a view is held is often in direct proportion to its absurdity. 

These countries of Europe are on a scale, relatively to each other, to main- 
tain their identity, either individually or in groups, both against natural 
tendencies and against human enemies ; for the doctrine of the Balance of 
Power has re-emerged. Their military strength, their means of centralisation 
and direction, their facilities for developing common ‘ opinion’ have all 
increased with astounding rapidity. They have learned the workings of what 
we have referred to as the more intimate means of cohesion, and developed 
the knowledge as the applied science of propaganda for offensive and defensive 
purposes. Ina world of crises the word is all of threats and security. There is 
a part of Germany called the Bay of Leipzig, once a region of corn and beer, 
now the land of lignite. Here coal tar is abundant and electricity is cheap. 
Self-sufficiency is a means of security, and self-sufficiency calls for the substitute, 
the Ersatz. We may indicate the function of this region in modern Germany 
by dubbing it Ersatia. The Ruhr is threatened by the French, Upper Silesia 
by Poland, and both are inconveniently marginal. Does Germany see in 
Ersatia the heart whose beating must be her life in any future struggle? 
Czechoslovakia threatens it : her liquidation is imperative politically. There 
is money in Ersatz, especially in war: the industrialists are interested : the 
step is practical politics. 

This is the kind of suggestion which geography can offer for consideration 
from the study of living geographical entities and their members. The use- 
fulness of the suggestions must be tested by those whose function is to apply 
them. They require to seek counsel at the oracles of geography and history. 
Does the cult of the deities receive due and pious attention ? 


SECTION E.—GEOGRAPHY 


COMMUNICATIONS 


Mr. K. H. Huggins.—Town development in Scotland. 


In Scotland in the last 150 years there has been a three-fold increase of popula- 
tion and a still more rapid increase in the number of town dwellers. The present 
twenty-four largest towns contain over eight times as many people as in 1801, and 
over half the population of Scotland. 

The individual towns have specialised to varying degrees on different functions 
and consequently each has different prospects for the future and different problems 
to solve. 

Their future is all the more important because the number of people in the rest 
of Scotland has been declining for the last quarter of a century, and consequently 
even the maintenance of the present numbers depends on the future prosperity of 
these towns. 

From the examples of selected towns the changing values of certain geographical 
factors are considered ; also the degree to which the present distribution of urban 
population in Scotland is adjusted to contemporary conditions. 


* * * 
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Mr. A. J. Hunt.—Some aspects of the internal geography of Edinburgh. 
Geographers will be familiar with the methods of Urban Survey worked out by 
Dr. P. W. Bryan in his study of the city of Leicester. During the past year a survey 
of the central portions of Edinburgh and Leith has been carried out on similar lines, 
to record the functional utilisation of every distinct building unit. 
The following ten major groups have been recognised : 
. Manufacturing. 
. Transport. 
Wholesale trades. 
. Retail trades. 
. Skilled and service trades. 
. Administration and organisation. 
. Professional. 
. Public utilities. 
. Recreation and community institutions. 
. Residence. 
Results are portrayed in 25-in. coloured maps, of which four are displayed. 
Some of the more interesting conclusions which have been drawn are offered for 
consideration. 


= 


* * * 


Brig. A. B. Clough.—The new programme of the Ordnance Survey. 

The future activities of the Ordnance Survey will be based largely on the recom- 
mendations of the recent Departmental Committee, whose final report was published 
in November 1938. The events leading up to the setting up of the Committee and 
their terms of reference will be discussed. 

Many alterations in the British Cartographic System were recommended. The 
principal alteration will entail the re-arrangement of the 1/2,500 plans on a national 
instead of a county basis. A short summary of the original ‘ county ’ policy is given, 
with its resulting disadvantages under modern conditions. The new plans will 
have a metric grid superimposed and will be square in shape. Six-inch maps will 
similarly conform, and a new gridded 1/25,000 series will be introduced. In the 
process of change-over the 1/2,500 plans will be overhauled to eliminate existing 
errors or defects. Small-scale maps will retain their existing scales, but will have 
a metric grid. The Committee recommended that the present system of numbering 
parcels on the 1/2,500 plans should be discontinued when the grid is introduced, 
but as a concession such parcels will probably be given a number corresponding to 
their grid position. 

The use of air photographs in connection with revision and re-survey is 
discussed, and also the establishment of a new ground control involving the re- 
triangulation of Great Britain, which has now been in progress for three years and 
still continues. 

After the overhaul it is proposed to adopt a system of continuous as opposed to 
cyclic revision. This will entail changes in technique as regards the drawing and 
reproduction of the large-scale plans. 

Up-to-date and accurate maps on all scales are essential to modern social life 
and development, and it is hoped that any future wave of national economy will not 
again retard the activities of national survey. 


* * * 


Lieut.-Col. R. Ll. Brown and Capt. E. H. Thompson.—Air photography and the 
Ordnance Survey. 


The first air survey problem confronting the Ordnance Survey was the revision 
of the 1/2,500 plans. The photography is more exacting than for smaller scales. 
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Only simple methods of plotting are used so as to allow of mass production, and these 
methods are described. The cost of ground revision varies with the locality and the 
development from 2d. to 6s. per acre and results show at what point the air photo- 
graph becomes economical. While air photographic methods are more sure in a 
general plan position and orientation, ground methods are better in the interpretation 
of minutiz of detail. 

The second problem is the overhaul of the 1/2,500 plans on national sheet lines, 
and a further use of air photographs may be for tertiary triangulation. A new stereo 
comparator designed for this purpose and its various uses are described. The results 
of work with this machine are set forth. 


* * * 


Mr. D. L. Linton.—Some aspects of the evolution of the rivers Earn and Tay. 


It is well known that the relief of the Central Lowlands of Scotland is so closely 
adjusted to geological structure that its main features may be adequately described 
solely in terms of differences of rock hardness. In these circumstances it is useless 
to seek evidences of the original drainage pattern in the lowland areas opened up 
on the softer outcrops. Such evidences, chiefly in the form of incised river courses, 
abandoned high-level valleys and wind-gaps, are likely to be found only in the 
elevated, resistant tracts. In the Campsie-Ochil-Sidlaw uplands the most con- 
spicuous features of the kind are the water-gaps at Stirling and Perth, and such 
wind-gaps as those of Glen Eagles and the Glack of Newtyle, and several writers 
have deduced from them an original south-eastward flowing consequent drainage. 
Such an hypothesis is however not consistent with the evidence of east-west high-level 
valleys in the Ochils, or with the Forfar, Brechin, etc., gaps in the Sidlaws. The 
alternative of an initially eastward-flowing consequent drainage is therefore advanced 
and some of its implications discussed. 


* * * 


Prof. T. M. Knox.—The palm oil industry. 


The economic prosperity of Southern Nigeria depends on the native exploitation 
of the indigenous oil palm forests, and this industry is now jeopardised by the 
creation in Sumatra of a European-managed industry based on plantations and oil 
mills. Native methods waste half the oil content of the palm fruit and produce an 
oil of poor and irregular quality. European methods avoid waste and produce oil 
of a constant and high quality, but the introduction of such methods into Nigeria 
has hitherto been impracticable owing to the Government’s policy. If the Nigerian 
industry is to survive, some revision of this policy is essential because (i) the price 
offered to the native for his oil is already depressed as a result of the eastern competi- 
tion and some buyers of oil refuse to accept the Nigerian oil because of its quality ; 
(ii) the success of the native cocoa farmer cannot be used as an argument in favour 
of the continued success of the native palm oil product ; (iii) it has proved impractic- 
able to persuade natives to sell palm fruit to European mills ; (iv) without an income 
from the oil palm industry the native might survive but could not be prosperous. 


* * * 


Dr. N. Friberg.—The development of highways in Sweden. 


The Swedish road system has to a very large extent been conditioned by the 
geographical features of the country. Certain kinds of ground, e.g. those consisting 
of glacial river deposits and moraine gravel, have attracted the roads, while marsh 
soil or clay and the like were avoided by the traffic, especially in the early days. 
From the topographical point of view, the roads have as a rule gradually changed 
from hill roads to valley roads. In deeply sedimented river valleys, however, the 
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roads have largely been moved from the river banks up to higher levels. Old shore 
formations have often attracted both settlements and traffic. In the coast districts 
the land uplift has caused the roads to be moved fairly extensively. 

The oldest roads branched off from a framework of waterways. Most of the 
long-distance traffic of the country formerly went by special winter sleigh tracks. 
In many places the summer roads have only recently become of any importance. 

Old cross country roads can be recognised by their high phosphate contents, 
which is often almost proportionate to the old-time traffic. An examination of 
abandoned road sections has permitted a reconstruction of the nature of the ancient 
Swedish road system. 

Communications have had great influence on settling the frontiers, and on the 
establishment of cultural and economic relations. A study of the network of roads 
will often give valuable clues to the spread of civilisation. Motoring has played an 
important part in economic progress of recent years, but has not yet produced any 
extensive changes in the conditions of settleme=t. 


x * * 


Mr. W. Fogg.—Some aspects of the human geography of the Spanish zone of 
Morocco. 

Brief summary of relevant details of physical environment. 

Summary of origin, development, and relevant characteristics of each of the 
towns, and of relevant characteristics of typical settlements other than towns. 

Summary of relevant characteristics and functions of the tribal markets, and of 
relative importance of latter in economic and social life. 

Deduction from foregoing that relative lack of urban centres seems to be due 
mainly to cultural conditions ; correctness of which seems to be supported further 
by developments since establishment of European control. 


* * * 


Mr. G. Bowen.—Sheep and cattle ranching in Western North America: An 
example of extensive land use. 


The Great Basin belongs largely to the category of lands in which pastoralism 
represents the best use of the natural resources. Even irrigation farming is supple- 
mentary to, and economically dependent upon, the exploitation of large areas of 
steppe and semi-desert as grazing land. The adaptation of livestock raising to the 
environmental conditions of the Great Basin has been achieved after sixty years of 
experimenting by the methods of trial and error. To-day the semblance of stability 
can at last be observed. 

A ranch, covering approximately 1,000 square miles on the north-west margin 
of the region, has been chosen to exemplify, in its land holdings and operations, 
some of the problems which are encountered in the running of livestock on an 
extensive basis over poor steppe country. The migratory character of the enterprise, 
more evident in the case of sheep, is determined by the seasonal availability of 
pasturage. The land holdings and use are organised to give the operator control 
of suitable grazing lands for the four seasons of the year. But the greatest foresight 
and industry cannot wholly eliminate the large element of risk which arises from the 
extreme variability of the climate. 


* * * 


Mr. T. W. Freeman.—Current movements of population in Eire. 


The redistribution of population in Eire is reflected in the returns of the 1936 
Census, which showed a slight decrease in the total population and a rise in the 
urban areas approximately equal to the decline in the rural areas. The larger towns 
show the greater increases, and Dublin the greatest of all. The tide of external 
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migration is not checked, though changed in its main direction from the other 
Dominions and the United States to Great Britain and Northern Ireland. The 
movement from Eire is primarily of the labouring classes, but also includes many 
young professional people. It has resulted in the continued depopulation of many 
of the poorer parts of the country. In spite of increased prosperity attendant upon 
the economic agreement between Great Britain and Eire, agricultural settlement 
schemes and industrial developments, internal and external migration still remains 


as a feature of Irish life. 
* x * 


Miss D. Sylvester.—The geography of Domesday Cheshire. 

The distribution of population and wealth in Domesday Cheshire was broadly 
complementary to that of forest and upland. The fertile lowlands of the Wirral 
and of the Dee and Weaver valleys were the richest areas. Between Dee and Weaver 
lay forest, and in the east the desolate Pennine Edge. Central and Eastern Cheshire 
had been ‘ wasted’ extensively. The Weaver valley had largely recovered, but the 
greater part of the more easterly lowlands was still waste in 1086. Cheshire was not 
wealthy, a fact clearly connected with a relatively northerly position and the recent 
‘wasting.’ The principal features of its geography may be summarised as: the 
contrast between the ‘ wasted’ East and relatively prosperous West and Centre, 
the progress (but temporary recession in parts) of settlement and deforestation, salt 
production in the three ‘ Wiches,’ and the importance of the Dee and the port and 


city of Chester. 
* * * 


Mr. S. G. E. Lythe.—Population changes in the Lower Tay Valley since 1755. 


The use of Webster’s figures for 1755 enables us to describe the distribution of 
population at a time when agriculture remained ‘ unimproved’ and when the modern 
concentration of industry had scarcely begun. An examination of the predomin- 
antly rural parishes in this area shows that the depopulating effects of agricultural 
changes in the century after 1755 were partially offset by an expansion of other 
forms of employment, e.g. fishing and hand-loom weaving. There was, however, a 
measure of short-distance townward migration even before 1800, and there is some 
evidence of a centripetal movement in rural parishes towards the larger villages. 

Down to about 1800 the two main towns, Dundee and Perth, grew at much the 
same rate. After that Perth suffered from its less favourable location, and, despite 
improvements to the navigation of the channels westward from Newburgh, it lagged 
behind its ancient rival. Dundee was now attracting migrants from three main 
sources : (a) local, (6) the Highlands, (c) Ireland, and with better transport facilities 
its wealthier residents moved out to dormitory suburbs on both banks of the Firth 
of Tay east of Dundee. After the middle of the nineteenth century Dundee’s pull 
gradually decreased, and there was considerable overseas emigration from the region. 

The concentration of manufacturing industries threatened to depress the smaller 
burghs. Those easily reached from Dundee attracted a suburban population ; 
those with special advantages of location or resources developed new forms of 
employment ; the rest, and most of the rural parishes, stagnated or declined. 


* * * 


Mr. A. C. O’Dell.—The geographical background of Scottish sea-borne trade 
since the Union. 

There have recently been made available in the Register House (Historical Room), 
Edinburgh, the MS. Customs House Accounts for Scotland, which give full details 
of imports and exports of dutiable goods for the period 1742-1831. ‘These have 
been analysed at ten yearly periods, supplemented by a yearly analysis of certain 
commodities, as tobacco. ‘The statistics or commodities so obtained have been 
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extended where possible by the Annual Statements of Trade and Navigation for the 
more modern period and amplified for the earlier from local and trade histories. 

It has been found that the ports of Scotland reveal in their trade items, even at 
the present time with rapid land transit facilities, a marked regional background. 
This bias of the goods handled is not simply controlled by the mineral and agri- 
cultural resources of the immediate hinterland of the port but also by long estab- 
lished industries (of which the textiles of Dundee form a most striking example), 
leading to a specialised set of imports and exports. In the pre-railway era the many 
small ports of Scotland, now often represented by grassy quays as at Wigtown, had 
a trade confined to, and therefore closely reflecting, the activities of the immediate 
countryside. The rapid expansion of Scottish trade after the Union is revealed 
both as regards new countries of trade and also by the increased import of raw 
materials from the old established suppliers as Holland and the Baltic States. The 
coastwise movement of coal in the eighteenth century is compared with that for 
1937 shown in a map based on the London Coal Bills of Lading. 


* * * 


Dr. Catherine Snodgrass.—_Some comparisons of population density and agri- 
cultural type in Britain and the Continent. 

The agricultural populations of certain regions in Scotland and England have 
been estimated from the agricultural returns. ‘These estimates, together with 
information regarding agricultural populations in various European countries 
available in the form of published maps or statistics, have been used to make 
comparisons of population density in some of the main agricultural regions in western 
and central Europe. The paper is intended to provide a preliminary survey of this 
important question. But while its main aim is to set forth regional contrasts it will 
also include some attempt to deduce the major factors affecting density of agricultural 
population in Europe. 

* * 
Dr. J. F. Scott.—The physical and human geography of Morvern, Argyll. 

The area under consideration is the peninsula lying S. and S.W. of Glen Tarbert, 
Argyll. The topography is closely dependent on the various rock-types, and 
faulting also plays an important part. The Moine gneisses and schists give rise to 
rugged hill masses. The Morvern (or Strontian) granite gives similar features but 
is generally more easily weathered and shows the effects of glaciation more markedly. 
The sediments (Carboniferous to Cretaceous), though unimportant from the point 
of view of areal extent, are very important topographically as they form an easily 
weathered foundation for the overlying lavas. 

Traces of human occupation date from the time of the vitrified forts. The Norse 
invaders have their memorial in several place-names, but the bulk of these are Gaelic. 
The remains of shielings (summer dwellings) are common on the hill slopes between 
Loch Aline and Auliston Point. The evictions have left their mark in many deserted 
clachans, e.g. Auliston, Sornagan, and Allt an Aoinidh Mhoir. The uses to which 
the area is put at the present time include deer-forest, sheep farms, crofts, and 
afforestation, the last being undertaken by the Forestry Commission on ground 
lying W. of Loch Aline. 


* * * 


Mr. W. V. Lewis.—Plucking as a factor in glacial valley erosion. 

The surface of contact between the ice and rock at the head of the Jungfraufirn 
was examined in a tunnel, and although the site was above the bergschrund the ice 
was plucking the rock wall. Large blocks were separated from the rock face by 
as much as a foot of ice and numerous smaller pieces were partially or wholly split 
off, and layers of ice occupied the cracks. Similar frost shattering could take place 


| 
oa 
| 
| 
is 
| 
| 
| 
{ 


277 


at great depths beneath glaciers provided (a) melt-water is available and (5) it can 
subsequently freeze. Temperature measurements on glaciers indicate that more 
than 20 metres below the surface the temperature of the ice is everywhere at the 
pressure melting point. This value falls 0-1° C. for every 500 ft. of ice so that 
temperatures at considerable depths are fractionally below 0° C. Thus small 
quantities of melt-water reaching great depths might freeze provided the pressure 
is slightly relieved, and so limited frost shattering might occur. The beds of 
British glacial valleys, especially in their upper portions, frequently reveal steps 
and other evidence of glacial plucking. Ice-falls near the heads of Icelandic and 
Swiss glaciers indicate the presence of similar rock steps below. Frost action 
probably also occurs at the sides of glaciers leading to the characteristic U-section 
of glacial valleys. 

The benches in the sides of Alpine glacial valleys are attributed to the sapping 
action of elongated masses of ‘ bench ice’ perched above the level of the main 
glaciers. 


THE FUTURE OF FLYING 


ADDRESS TO SECTION G.—ENGINEERING 


By H. E. WIMPERIS, C.B., C.B.E., Hon. D.Enc. (ME xs.), F.R.Az.S. 
PRESIDENT OF THE SECTION. 


Tue Presidential Address to the Engineering Section of the British Association 
provides each year an opportunity for a survey of some aspect of engineering 
science which happens to be of especial importance at the time it is given, and 
often one which the experience of the President of the hour may chance to render 
especially appropriate. My subject to-day is ‘ The Future of Flying.’ Of its 
importance at the present time there can assuredly be no doubt. Aviation 
is surveyed by the public with a tempered pride—Pride, it is true, in man’s 
achievement, but Apprehension, it is equally true, as to the use which is being 
made of it. 

The aspiration towards winged flight was expressed, I submit, with great 
wisdom when, more than two thousand years ago, the Psalmist avowed his 
longing for ‘ wings like a dove!’ How wise a discrimination is revealed by 
the poet’s asking not merely for the power of flight but that his wings shall 
be ‘ dove-like.? For the space of a generation mankind has possessed the 
power of flight—a marvellous scientific and technical triumph but, alas, 
incomplete. Brilliant as was the work of the brothers Wright, the crown 
of achievement will not be truly won until a grateful mankind sees that the 
wings gained are the wings of a dove and not those of a bird of prey. 

This is the challenge to ovr age. One generation has solved the mechanical 
problem, leaving it to the next to solve the moral one. 

Ever since man inhabited the earth he has lived not by his physical powers, 
which are slight, but by the exercise of his wits. Every new invention he has 
made has had its warlike use as well as its peaceful purpose, and each has 
challenged his wits to ensure that good rather than harm shall result from the 
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new discovery. To bend the newest invention of all, the conquest of the air, 
to the service of mankind is now his great task. In it, success is essential lest 
we presently find that it is the air that has conquered mankind rather than 
mankind the air. Before we can regard the conquest of the air as achieved 
we must control the warlike menace. 

In our own technical field, we as engineers have long been used to respon- 
sibility, to pioneer work, to expert status. But when it comes to the social 
application of our inventions, we are responsible not in our capacity as engineers 
but as ordinary inexpert citizens : and here we have been very conscious of 
our amateur status. We are not expefts in the social application of our work ; 
and we are but a handful among millions. This has been the view of the last 
generation—though held with increasing uneasiness, as the misuse of our 
inventions has become more apparent. 

But is it possible that the conditions which formed this view are changing ? 
May it be claimed—I think it may—that we as engineers, as technicians, have 
an important contribution to make towards the peace of the world ? 

I believe that the scientific advances of the present time, and their probable 
development in the near future, will help us to solve, and not to aggravate, 
our central problem—the task Lawrence of Arabia spoke of as ‘ the biggest 
thing to do in the world to-day ’—to bend the newest invention of all, the 
conquest of the air, to the true service of mankind. 


Mechanical flight was achieved when Wilbur Wright flew in December 1903 
in that odd-looking machine now so proudly housed in the Science Museum 
at South Kensington. It certainly does look a queer machine to modern eyes. 
Although the engine weighed 180 Ib. it gave but 12 h.p.! Of course it was 
natural that this, like all the other early aeroplanes, should be built with two 
pairs of wings. Engineers were well accustomed to carrying bending moments 
by a form of girder construction having an upper and a lower boom, and in the 
biplane form of construction the loads could be carried in this familiar way. 
Such early trials as were made of the monoplane type merely seemed to confirm 
the idea that a strong wing structure could not thus be found, and the biplane 
became the accepted type. Speeds in those days were low, and even long after 
the Great War it was thought that the attainment of high speed would be mainly 
a matter of putting in more and more engine power. More and more power 
was accordingly put in. This led indeed to the achievement of higher speeds, 
but far-sighted designers saw that there was a limit to the extent of progress by 
this means. But, as a Spanish proverb has it: ‘When one door shuts another 
opens.’ The new door in this case proved to be the streamlining of the external 
form of the craft as a whole. 

That the cleaning up of the aerodynamic structure could carry performance 
much further than had hitherto been realised, and do so without any increase 
of engine power, was first clearly pointed out, little more than ten years ago, 
by Professor B. M. Jones of Cambridge. This required that all excrescences 
should be removed, and of these some of the worst were the interplane struts 
and wires. When that had been achieved it was realised that much of the 
equipment hitherto carried externally, especially in military types, must be 
put inside, and with that attained, after a severe struggle, there arrived 
the modern streamlined aeroplane with its undercarriage, and even its tail 
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wheel, retractable into the body of the structure. What yet remained was 
attention to those external surfaces scrubbed by the passing air stream. Here 

idance was given, curiously enough, by the experience of sailplane pilots, 
who had long found that a much better gliding angle was attainable when the 
surfaces were not merely made smooth, but were carefully polished, and even 
dusted before flight ! At the time these minutie of housemaid’s care seemed 
fantastic, but experience, both within wind tunnels and without, showed that 
the sailplane pilots were right and that protuberances on a wing no more than 
a thousandth part of an inch high produced a measurable drag. 


Fiyinc To-pDay. 


The consequence of these and other changes in design from the original 
Wright machine brought a steady growth in speed, which during the last score 
of years has increased by an average of well over 10 miles an hour in each year. 

This overall increase in aeroplane performance is indeed impressive : 
in speed from the 31 m.p.h. of the Wrights to the 469 claimed to-day! Behind 
the change in external characteristics there have been internal changes of an 
equally important character, such as the increase from the Wrights’ wing 
loading of 1} Ib. per square foot to the figures of to-day when 20 to 30 
and 40, and even more, are common. There has also been an equally im- 
pressive change from the modest engine power of the Wrights to the four- 
figure powers of modern practice. 

So far as growth in altitude and range of flight are concerned, further pro- 
gress must depend chiefly on improvements in the present-day materials of 
construction, or on the discovery of entirely new ones. At the moment dural 
is found best, not because it has any higher ratio of strength to density than 
alternative materials, for in that respect it differs little from steel, or even from 
cotton or reinforced plastic ; but because in comparison with steel its lower 
density (little more than a third) enables thicker and therefore stiffer and more 
fool-proof sections to be used. But, as in the case of steel construction, the 
sections have to be fastened together with innumerable rivets (more than a 
million in one ‘Golden Hind’), and this time-absorbing process is both 
intricate and costly. Ifsome improved reinforced plastic could be used instead, 
the path of the manufacturer, once he had learned the art, would be much 
simplified. 

Speeds have grown because of the smoother shapes used in construction and 
through the greater engine powers provided. Can speeds continue to rise 
indefinitely ? We may have gone almost as far as we can in using ship-shaped 
forms, though we still know very little about the possibility of ensuring an 
increase in the extent of the laminar flow of the air over the surface of wings or 
body : if this could be done the resistance would drop considerably. So far as 
prospective increases in engine power are concerned there is little publicly 
revealed in these days, but one hears of testing plants being adapted to deal with 
engines of no less than 3,000 h.p. apiece. But even with these increases a 
definite speed limit is being approached—not one imposed by the laws of any 
State but by the laws of Nature. As I pointed out two years ago in a Presi- 
dential Address to the Royal Aeronautical Society, there is good reason to 
believe that although speeds of 500 m.p.h. may be attained, it is unlikely 
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that 600 will be much if at all exceeded, for the latter figure is some 80 per 
cent. of the speed of sound, and when the latter is approached the drag rises to 
a level far ahead of any prospective engine improvements. Although nothing 
in the physiology of man forbids even higher speeds, as witness the high orbital 
speed of the earth on which we all live with some measure of tempered comfort, 
there is soon imposed a physiological limit if high speed is combined with 
rapid manceuvre. If the latter is required then the speed must be controlled 
to suit the conditions. Only the future can reveal how the balance between 
the two will be struck. 

No simple summary can be given of what has been done as regards engine 
development, for great as has been the change from the fifteen pounds per h.p. 
of the original Wright engine to the one pound, and less, of to-day, one remem- 
bers that in this one respect the engines of the last Schneider Trophy Race 
were as meritorious ; where the latter were much below modern standards 
was in their lack of reliability when working at this power ratio. To-day’s 
engines run without attention for hundreds of hours, a very different matter 
from endurance for a short race. 

Even if engines of 3,000 h.p. may be said to be in sight they are still some 


way from achievement. Progress depends not only on the skill of the engine | 


designer and the metallurgist, but on the ingenuity of the industrial chemist 


in producing his remarkable fuels, wonderful alike for their uniformity of | 
quality and for their ability to resist detonation even when employed in engines | 


of very high compression ratio. 

The outstanding constructional change to-day is the employment on a large 
scale of the sleeve valve, particularly as developed by the great Bristol firm. 
This has the impressive merit of only needing half the component parts of the 
old type poppet valve engine ; moreover it is found that, with a given fuel, 
it can operate without detonation at an appreciably higher compression. 

Engines to-day run safely at far higher speeds than of yore, and they are 
cooled in different ways and at a much less expense in air drag than used to be 
the case. In fact at the highest speeds the drag offers some theoretical promise 
of being replaced by a small thrust! A new cooling problem will arise, how- 
ever, when pusher airscrews become as common as they will once their use is 
shown to afford a means of substantially decreasing wing drag. 

Improvement in load carrying capacity depends also on improvements in 
materials, though it is fair to designers to record the progress made in reducing 
the percentage which the structure forms of the total flying weight in modern 
aircraft. Nowadays as good a figure is shown for this in large flying-boats as 
in landplanes, a remarkable achievement. The flying-boat used to be thought 
of as slow and heavy, but to-day it holds its own, in efficiency, whether aero- 
dynamic, structural, or economic, with any other mode of flight. 

The flying-boats of to-day represent a great technical advance in quality 
over their predecessors of ten, or even five, years ago, but they have not yet 
shown any marked advance in size. The fine fleet of Empire flying-boats 
is made up of 20-ton units; the new Short ‘Golden Hind’ class for the 
Atlantic weigh 33 tons apiece; the Boeing ‘ Yankee Clipper’ has a total 
weight of nearly 40 tons ; but the Dornier Dox which long preceded them ran 
to 50 tons laden. On the other hand there has been a great gain in speed and 
in carrying capacity. The Boeing boat, for instance, is reported to carry 
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10,000 Ib. of load over and above its 4,000 gallons of fuel : as this amount of 
fuel will weigh 30,000 Ib., this makes a total load of 40,000 lb., or almost 
exactly half of the total flying weight, the same as for the ‘ Golden Hind,’ 
and a truly remarkable percentage. The improved Empire flying-boats 
intended for the Atlantic crossing are planned to take-off at a flying weight of 
about 20 tons and to take 3 tons of additional fuel after they are air borne— 
by supply from a flying tanker on Sir Alan Cobham’s scheme : this will increase 
the load on the wings from 30 to 35 lb. per square foot and may be regarded 
as a first step towards what could be done with wings specially designed and 
stressed for high loading. The ‘ Golden Hind ’ class is designed for a range of 
3,400 miles without refuelling, and this with full load. Its early programme 
may include a survey flight along the route to Latin America. 

An attractive development in flying-boats is the provision in the Dornier 
DO.26 of retractable wing-tip floats which fold inwards into spaces in the wing. 
This is a 20-ton machine with two tractor and two pusher airscrews. It is a 
promising move in a very much desired direction. The remaining structural 
feature to be made aerodynamically clean is the ‘step’ at the hull provided 
for ease in taking-off. It is no doubt difficult so to design a hull as to be 
equally efficient whether on the water or in the air, but designers will not be 
happy until they have satisfied both requirements. 


It is naturally impossible in the course of this address to discuss all the many 
problems in the science of aeronautics which are being investigated at the 
present time. They are far too numerous and the time too short. But to 
some of them I must refer. One of great importance and quite fascinating 
interest is the investigation of the change in the air flow over a wing surface 
from the laminar to the turbulent state. It is known that if the flow could be 
kept laminar the drag would be vastly reduced, but it has yet to be discovered 
how to do this. A step in the right direction may lately have been made at 
the Langley Field Laboratories, for during Dr. Lewis’ recent Wilbur Wright 
lecture before the Royal Aeronautical Society mention was made of some 
wind tunnel tests in which a special form of aerofoil gave a drag coefficient 
figure of only about one-third of that usual. Further particulars will be 
awaited with interest. Many laboratories and experimental stations are 
studying this same problem, and, as not infrequently happens in such cases, 
success once met with, itself creates a batch of new problems. For one thing 
it is clear that the presence of laminar flow can but be hindered by the use of 
the tractor type of airscrew now almost universal. It may be necessary to 
change to pusher designs, and as this will involve a marked rearward move- 
ment of the centre of gravity of the whole aircraft, all the stability factors will 
be gravely affected, to say nothing of the many engine problems also raised. 

Other special problems relate to the possibility of having wing areas adjust- 
able in flight by telescopic or other means, to the study of the very considerable 
increase in the control forces required of the pilot in large machines of high 
speed capacity, of the special problems raised by variable pitch airscrews, 
particularly in relation to the landing run, of the advantage at high air speeds 
of —— gear boxes, and of the special problems involved in pressure 
cabins. 

The problem of the rotating wing is in a class by itself. Aircraft so fitted 
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are quite unable to compete in speed with those with normal wings, but they 
easily beat the latter in take-off and Janding. Many types are now in the field, 
the Cierva, the Hafner, the Kay and the Focke, to mention no others. The 
scientific problems are largely solved, as are the great mass of the mechanical 
ones. What is required is such a degree of user as will call for this form of 
aircraft to be constructed in numbers. When that happens rotary wing 
aircraft will benefit in their design by that skilled attention from the production 
engineer which alone seems able to produce results that really look right ! 

The growth in recent years of the interest taken by the public in aviation, 
over land and over sea, is most striking. Partly, of course, it is due to the 
increase in the Air Arm and all that is thereby implied. But there is also a 
very rapidly growing use being made of the abundant facilities for air travel 
offered by the Civil air transport services. ‘The United States is often thought 
to lead the world in this respect—as it certainly does in the use of the auto- 
mobile—but I believe that in proportion to the size of the population, and that 
is the true criterion, the total mileage flown annually is larger in Australia than 
it is in any other single country in the world. And there is good reason to 
expect that that pre-eminence is likely to continue. 


THe FutTure YEARS. 


Let us consider what lies ahead in the coming years in respect of speed, 
size and range. No doubt military craft will go as fast as they can. But since 
it seems that they cannot exceed 600 m.p.h. much if at all, there is little doubt 
that speeds between 500 and 600 will become usual. Not so, however, for 
the Civil Air Services, where quiet, comfort and cost are all-important : here 
there is good economic reason for speeds to settle down in the 200 to 300 range. 
In both these classes we seem therefore to be approaching some degree of 
finality. 

Altitude and range are alike in that so much depends on the discovery of 
new materials of construction and new ways of using them. Steady progress 
may be expected, though probably nothing sensational unless the use of rein- 
forced plastics be so reckoned. For civil work the advantage of long-range 
flying depends on the ability to fly by night, and this is advancing rapidly. 
Radio services are improving and the vagaries of the ionosphere are becoming 
better understood. High altitude flying—whether in the stratosphere or just 
below it—requires the sealed cabin, and it will, I fancy, chiefly be sought by 
those whose first care is speed and whose lesser concern is cost. 

When, however, we come to think of such other factors in the future of flying 
as the size of the craft, and the wing loading employed, we are concerned with 
quite other considerations. Size depends mainly on engine power, for there 
is a limit to the numbers of power units which can be conveniently looked after. 
Even if we have tractor and pusher airscrews in tandem (and tractor screws 
may well become unpopular where the highest aerodynamic efficiency is 
sought), six such pairs may be the practicable limit. This would give us twelve 
engines, which, at 3,000 h.p. apiece, makes the total power 36,000. At 
15 lb. carried per h.p. available this would give a total flying weight of 
540,000 Ib. or some 250 tons. Such a craft would naturally be a large boat, 
taking 200 passengers or more ; and that is the largest flying craft that can be 
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said to be now in sight, although I ought perhaps to mention that in a lecture 
to the students of the Royal Aeronautical Society, who alone perhaps might 
be expected to live to see it, Dr. Roxbee-Cox was bold enough to include an 
American forecast for a boat of 3,120 tons! But difficult as it may be to fore- 
tell accurately the future of the large flying-boat, there can be little doubt 
that we shall soon see such craft in active competition with their older rivals— 
which use the surface of the sea—for all rapid passenger transport on the 
important Atlantic routes. 

The future of wing loading is hard to forecast. As has been mentioned, the 
early Wright aeroplane was loaded to 14 lb. per square foot. By the time of 
the Great War this had risen to the neighbourhood of 10, but even Hallam 
(‘Pyx’), writing as prophet a few years later of his vision of a 200-ton flying- 
boat, did not put it above 8! In the succeeding years, however, the figure 
has grown gradually until it is now in the neighbourhood of 30; and while 
loadings of 40 to 50 are talked about for future craft, Sir Alan Cobham has 
suggested that, provided the bulk of the fuel is added by refuelling in the air 
from a tanker, loadings as high as 60 or even 70 should not be unattainable. 
The real limiting factor here is the take-off and the landing. With landplanes, 
the disadvantage of high loadings is that they lead to great increase in the 
size and cost of aerodromes, unless this can be avoided by the use of an auxiliary 
like the Mayo Scheme or by some form of catapulting, or by the use of the 
‘tricycle’ undercarriage, now so rapidly coming into use. This conse- 
quence of high loadings does not apply in the same degree to the flying-boat, 
but even there it has the disadvantage of requiring the use of natural harbours 
of large size with not too much local water traffic. 

Can one, however, relate these speed ranges of 500 to 600 for military craft, 
and 200 to 300 for civil, with wing loading, with or without refuelling in the 
air? We have the relationship that the minimum air speed of flight is measured 
by the square root of the wing loading. If we assume the use of such aids as 
wing flaps, we can calculate for sea-level conditions just what the stalling speed 
for any given wing loading must be. 

For a take-off speed of 100 m.p.h. (i.e. stalling speed of 80) the wing 
loading would be about 40 lb. per square foot, suitable for civil types having 
a top speed of, say, 300 m.p.h. (since the take-off and landing speeds would 
then be about 100). But once in the air a much larger load could of course 
be carried. 

In the case of military types having top speeds of 550 m.p.h. or thereabouts, 
the landing speed could hardly be Jess than 150, giving a wing loading 
of 100 Ib. per square foot. It looks therefore as though in the coming years 
the wing loadings for civil types will go little beyond what is now planned in 
many drawing offices, but in the case of military types the present-day figures 
may certainly be doubled unless some new wing arrangement can be discovered 
which will greatly reduce the loading figure when a landing is about to take 
place. Rotating wings are the perfect solution for the landing problem, but 
how to combine them with means for the attainment of high horizontal speed 
is a problem which the future has yet to solve. The one recent development— 
or revival—which seems to promise a great advance in safe landing is the 
tricycle undercarriage : the use of which seems to be almost all pure gain. 
In a lecture before the Royal Aeronautical Society last year Mr. H. F. Vessey 
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expressed the rather conservative view that although with landplanes of the 
normal type it is difficult to see any considerable increase in wing loading at 
landing above about 30 Ib. per square foot if present restrictions on landing 
distances over a barrier are to be maintained, nevertheless he admits that by 
the use of the tricycle undercarriage the loading might go as high as 40. 


It is odd that chance should decide—or perhaps appear to decide—the 
future of so many forms of human activity. Almost at its birth, broadcasting 
fell into good hands, and the cinema into bad, but aeronautical research, very 
fortunately, into good. I can imagine a critic remarking that it was not quite 
all chance: that broadcasting was preserved by the Post Office control over 
radio, and that organised aeronautical research owed everything to the wise 
foresight of the late Lord Haldane, who caused there to be created an Aero- 
nautical Research Committee with funds for research workers and apparatus 
for them to use. 

Fortunate it was indeed that research in aeronautics was so wisely led and 
adequately supported. It was a new science, and one of the few happy results 
of the Great War was that it drew into this service some of the most brilliant 
young scientific men of the day, especially from the universities of Cambridge 
and Oxford. And this interest held, for even now the leaders are largely 
drawn from that band of pioneers. In their early work they were happy in 
their hour, for almost anything that was done was necessarily original and almost 
any invention was bound to be new : there was little need to consult the records 
of the past. The Aeronautical Research Committee was, and still is, mainly 
drawn from these men and those they have trained. With the support and 
confidence felt in them by the Government, they were able to develop ideas, 
whether arising from their own ingenuity or from workers and _ industrialists 
outside. It was an example soon copied by the United States, and its latest 
adherent is Australia, the newest country to take up aeronautical engineering 
as a serious national effort. 

It is impossible not to be struck by the stimulus which this specially directed 
scientific research work has given to other branches of engineering. It repre- 
sents the spearhead of attack in applied science, since so many of its problems 
arise from practical conditions of unusual difficulty, owing to the intensity of 
the desire for light construction combined with strength and durability, and 
for very high efficiency factors. It is hardly surprising therefore that such 
apparently non-aeronautical fields as the design of steam turbine blades, 
of power boats, of industrial fans, of light vehicles should owe so much to the 
results of aeronautical research. 


Tue Arr ARM. 


Among the world’s many political preoccupations there is no more pressing 
or more intractable problem than that of curbing in some way the universal 
growth of armaments. It is true that in so far as the product is entirely 
produced within the country of origin the mere cost is of little moment. One 
makes armaments instead of making something else, and in the case of a people 
who loved above all having lots of lethal weapons there would be nothing more 
to be said, though the taste might be thought odd ! 
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It is not, however, solely a matter of finance, since normal peoples would 
much prefer the energy directed to armament production to be given to articles 
of service in civil life such as houses, pictures, sailing-boats, holiday camps and 
the like ; and for the general body of such activity to be guided into channels 
which fit in with the quantity and quality of the labour available in the country. 
Moreover, just as a house containing a store of high explosives is not looked on 
as a happy abode, so there is always a fear that in highly armed international 
life a trigger in some remote spot may be pulled by accident, or by mischief, 
with irreparable harm to the whole world. 

When some years ago an effort was made to come to an international under- 
standing about air armaments, success was not attained. This was due, it is 
true, in some measure to the existence of strong professional interests and to the 
relative lack of attention to the needs of the ordinary man, but it was partly 
due to the inherent difficulty in the then state of the art of distinguishing 
between military and civil types. Even suppose, it was asked, that one could 
abolish all military aircraft, how would one deal with the civil types which could 
be so easily converted ? In those days this was a germane question. But is it 
now? I think not, and for this reason. 

The speeds of military aircraft are now in excess of 400 m.p.h. and will 
rise still higher. But civil aircraft rarely go faster than 250, and it is 
doubtful whether it is economically advantageous to have even so high a speed 
as that. This at once makes a great difference in the types. Again, the comfort 
and space needed for civil transport tends to produce a design of body which 
does not in the least resemble military requirements. In so far as the civil 
types in their really large sizes come more and more to take the flying-boat 
form, so are they the less like military types. Perhaps I should say here that 
I am leaving aside reconnaissance duties and troop-carrying, and thinking 
mainly of the aggressive type, the bomber. 

Hence I submit that, as I suggested in a recent address at Chatham House, 
the position has been reached when, so far as technical considerations are 
concerned, an agreed limitation could be set on military production without 
the effort being nullified by the existence of civil types to which no such 
limitations applied. It must be remembered, however, that when a political 
man talks about ‘ parity in the air’ he may not really understand what he 
is saying. What he probably means is equality in offensive force, for mere 
parity in numbers might be got by the absurd equation of putting 100 bombers 
plus 1,900 interceptor fighters as equal to 1,900 bombers plus 100 interceptors, 
because both sides add up to 2,000. It cannot worry any peace-loving 
country, if one of its neighbours builds 1,000 or 10,000 interceptor fighters, 
any more than it would if that neighbour built immense numbers of anti-aircraft 
guns and searchlights. In fact, as a gain to the general strength of defence 
it would be rather comforting than otherwise. 

The right way to arrive at a proper balance of air armaments is to seek 
reasonable parity in respect of bombing aircraft and leave everyone free to 
build as many defensive aircraft as they care to afford. Civil types would by 
reason of their low speed be incapable of acting as fighters, and would be 
speedily shot down if they tried to act as bombers. 

There has recently been translated from the German a striking book by 
S. T. Possony under the title To-morrow’s War. It is rather difficult to follow, 
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partly no doubt because it is a translation, but the author’s object is to show 
what would be required in respect of men and materials for one year of war of 
the ‘ total’ variety. He assumes a front of 1,000 kilometres, and he arrives 
at some astonishing figures. He points out that although the losses of aero- 
planes in the Great War were but 14 per cent. per month, he anticipates that 
in a war to-day the monthly loss would rise to 25 to 30 per cent., calling for 
complete replacement of the whole air force three or four times in the year. 
For this war Possony estimates a requirement per annum of no fewer than 70,000 
bombers and 130,000 other aeroplanes, or 200,000 in all. He then claims 
that hardly any State could man at one time more than 10,000 to 20,000 
aeroplanes and tanks, on account of the exceptional types of men needed and 
the exceedingly heavy losses. For this and other reasons he concludes that 
* decisive war is most improbable.’ He agrees that the world has entered on 
an era of wars with limited objectives, undertaken with limited means, an era 
of camouflaged, undeclared wars, the reason being that the nations engaged, 
being determined not to open the fatal door which leads to universal disaster, 
seek thus a possible means of achieving their ambitions. Success in a sudden 
sharp war he thinks impossible. All ‘ total’ wars are bound to be long ones. 
These arguments, if they are acceptable, certainly suggest a pause in the world 
race to build up huge armaments. The only sure result is financial embarrass- 
ment in what should be days of peace, days in which there are so many better 
things to be done with one’s money. 

The discovery of the art of flight has certainly raised terrible problems, but 
it does at last seem as though mankind is beginning to see his way out of the 
morass. ‘That the laws of Nature impose a speed barrier is a fortunate thing, 
for that suggests some finality to the development of types, and limits, moreover, 
any uncomfortable rivalry with the speed of response of the human body. It 
is fortunate, too, that this speed limit is much above the economic limit for 
civil machines, for that means that the civil type can easily be defeated if it 
tries to play the corsair. And it most blessedly happens at the same time that 
the strength of anti-aircraft defence from the ground and in the air is increasing 
in effectiveness at a rate that even the most optimistic had hardly dared to 
hope. Britain, an island in the sea, will become an island in the air ! 

In my view there will be no reason, once the international situation has 
cleared, why there should not be an agreed limitation in respect of numbers 
or tonnage of bombing aircraft—leaving the interceptor fighters entirely 
aside. It would be but cautious to agree on a limit to the speed of civil types, 
but as this would merely confirm what economic requirements would themselves 
suggest, it need be no hardship ; excessively high speeds for civil types do 
not pay, are much more dangerous to passengers, are much more noisy to 
everyone, and need wasteful forms of air ports. 

When this difficulty of our own age has been at last happily solved, we may 
be very content to leave our successors the even more threatening menace of 
dealing aright with the problem of atomic energy. This it is not necessary for 
me to describe. I will only say that in a recent broadcast address Prof. 
Cockroft spoke of an atomic trigger action between the metal uranium and a 
single neutron which is reported to be capable of releasing a 100,000,000-fold 
increase in energy !_ Perhaps there are immense practical difficulties in doing 
this on a large scale ; I earnestly hope there are! For ourselves we may well 
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consider that in our own day we are quite sufficiently occupied with the 
thoughtful handling of our own special problem, how rightly to guide the 
Future of Flying. 


SECTION G.—ENGINEERING 
NOTE ON COMMUNICATIONS 


No abstracts of communications to Section G have been printed by the Associa- 
tion, but the practice of several years’ standing, under which such communications 
have been published in Engineering, has been maintained. The following papers, 
which were or should have been read at the Dundee Meeting, have been published 
in that journal, in addition to the president’s address. 


‘ University Engineering Courses,’ by Prof. W. Jackson. 
September 8, 1939, p. 288. Discussion. 
“ 8, 1939, p. 292. Paper. 
‘The Design of Roads,’ by R. G. H. Clements. 
September 8, 1939, p. 289. 
m 15, 1939, p. 309. Discussion. 
‘The Trans-Atlantic Air Service,’ by Major R. H. Mayo. 
September 15, 1939, p. 309. Discussion. 
November 10, 1939, p. 541. Paper. 
17, 1939, p. 565. 
24, 1939, p. 594. 
‘The Mechanics of Towing Road Vehicles,” by R. Borlase Matthews. 
September 15, 1939, p. 312. 
‘The Voith-Schneider System of Propulsion,’ by Capt. E. C. Goldsworthy. 
September 15, 1939, p. 315. 
‘Simple Models for the Study of Engineering,’ by Prof. Frederic Bacon. 
September 22, 1939, p. 341. 
‘Ignition Lag in Compression Ignition Engines,’ by S. G. Bauer. 
September 29, 1939, p. 368. 
‘Non-Linear Distortion in Iron Testing,’ by Dr. James Greig and Ernest Franklin. 
October 6, 1939, p. 395. 
‘The Inductor with Air-Gapped Magnetic Circuit,’ by E. V. D. Glazier. 
October 13, 1939, p. 406. 
* The Flow of Liquids through Beds of Granular Solids,’ by William H. Ward. 
October 20, 1939, p. 435. 
‘Air Furnace Melting for Blackheart Malleable Cast Iron,’ by H. G. Cochrane. 
October 27, 1939, p. 484. 
‘ The Stressing of Rotating-Blade Aerofoils,’ by J. B. B. Owen. 
November 3, 1939, p. 511. 
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PRACTICE WITH SCIENCE 


THE FARMER’S POSITION AND THE 
SCIENTIFIC WORKER’S PROGRAMME 


ADDRESS TO SECTION M.—AGRICULTURE 


BY 


Sirk THOMAS MIDDLETON, K.C.IL.E., K.B.E., C.B., D.Sc., LL.D., F.R.S. 
PRESIDENT OF THE SECTION. 


Wuen, in 1912, Section M held its first meeting, my Presidential Address 
was upon the early improvers of husbandry, and I referred especially to the 
assistance given to agriculture through the societies and associations formed 
by them for promoting experiments and discussion. Section M was the latest 
addition to associations of the kind and we who were then present looked forward 
with expectation to the benefit agricultural science would get from the forma- 
tion of the newsection. In spite of the calamity of the Great War and the unrest 
in the world which has since developed, I feel sure that all of us here, in return- 
ing to Dundee where that first meeting was held twenty-seven years ago, will 
agree that the hopes then formed have been more than fulfilled by the progress 
of Section M. 

My survey in 1912 ended with the decade 1831-40 which saw the birth 
both of the British Association itself and of the Royal Agricultural Society of 
England. For the title of my address to-day I have taken the familiar motto 
‘Practice with Science’ which the Society adopted at its formation one 
hundred years ago ; I have ventured to do so without permission and for this 
I apologise to my fellow members. The motto was selected by a group of 
pioneers intent upon improving English farming at a time when the industry 
was in a difficult position ; the applications of science to practice were just 
beginning to attract general attention and the motto tersely proclaims the 
intentions of the new society to combine with the practice of its members all 
the new knowledge which was then becoming available. 

The progress made by agricultural science in the past hundred years 
formed the subject of Sir John Russell’s address to Section M when the Associa- 
tion held its Centenary Meeting in 1931, and a second review after so short 
an interval is uncalled for. My purpose in selecting the motto ‘ Practice with 
Science’ is not, therefore, to use it as an occasion for a review, but so that 
I may refer to matters affecting the present circumstances of both partners in 
the motto. The existence of Section M is in itself a proof of the large amount 
of scientific work now being carried out on behalf of agriculture and also of 
the interest which the scientific public take in the subject. Although it has 
many shortcomings, as the workers concerned will be the first to admit, it 
may be claimed for agricultural science that it has prospered and is prospering ; 
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in contrast, everywhere there is evidence of the difficulties of agricultural 
practice. 

In our motto practice and science are linked for a definite purpose, and 
if the link fails, so that one of the partners falls behind, the progress of the other 
partner is inevitably affected. I propose, therefore, in the first place to draw 
your attention to the farmer’s position and to attempt an explanation of his 
difficulties, and later to refer briefly to certain sections of the scientific worker’s 
programme which, in present circumstances, call for attention. 


I. 


Those who, last month, visited the Centenary Show of the Royal 
Agricultural Society of England and took the opportunity, then given, of 
contrasting some of the implements formerly at the farmer’s disposal with the 
modern machinery and implements displayed in Windsor Great Park, must 
have been impressed with the extraordinary change which the skill of the 
engineer has brought about. Those, too, who through descriptions and 
pictures know something of the character of farm livestock in 1839, would be 
equally impressed by the improvement which, in the interval, stock breeders 
have effected in farm animals. But while inside the Show Ground every 
exhibit told of progress and of the great resources now at the disposal of the 
agricultural industry, those farmers who journeyed to Windsor by road would 
not lack evidence that all is not well with land management ; far too many 
fields would be passed of which no farmer could feel proud. It is indeed 
undoubted that there is in the country much land at the present time which 
is less productive than it was a century ago, and the progress of the industry 
in the interval has certainly falsified many hopes then formed. For evidence 
of these hopes one might turn to the agricultural journals of the time, in 
which articles pointing to the possibility and prospects of improvement 
appeared ; but an independent witness may be cited. Porter, in his Progress 
of the Nation, pointed out that between 1801 and 1841 the population of the 
United Kingdom had increased from 16} to 27 millions, or by 13 per cent. per 
annum, and that as a result of progressive applications of capital to the land, 
the production of food had increased at an approximately equal rate. Porter 
was a strong free trader and, when writing the preface to the second edition 
of his book in 1846, just after the policy he had advocated was adopted by the 
country, he refers to the past achievements of agriculture and remarks ‘ there 
is reason for believing that we shall see far greater results from the same 
cause in future years. . . . It would indeed be difficult to show why when 
an equal degree of skill and energy and a greater amount of capital are em- 
ployed in the manufacture of wheat our farmers should not be able to undersell 
the foreigner, as we now are able to undersell him in manufactures of cotton 
and hardwares. This question must shortly now be put to the proof and 
I for one have no misgivings as to the result.’ 

Porter’s ‘ question’ has been answered, but not in the way he expected. 
I have shown elsewhere } that during the decade 1831-40 the land of Great 
Britain maintained a population of about 17 millions ; it now provides food 


1 Food Production in War. Clarendon Press, Oxford, 1923. 
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for about 14 millions, and this although farmers of to-day have available, as 
their predecessors had not, artificial manures, first-rate implements, improved 
varieties of crops and all the assistance which a century of scientific study has 
given to agriculture. 

Although it is an easy thing to criticise much of the farming one sees 
to-day, it would be unjust to fix responsibility for the farm’s condition upon 
the occupant of the farmhouse. All who are in contact with the industry 
know that, in the post-war period, rising costs and uncertain prices have 
so crippled the resources of the farmer that he is quite unable to bestow 
on his land the same careful treatment that it got from his forefathers ; and 
no one regrets its condition more than does he himself. 

The extraordinary weather of 1938 brought farmers’ difficulties to a crisis 
and in recent months agricultural policy has engaged closer attention than 
in any time within memory. It is not my place to discuss Government policy ; 
but in the course of the arguments which these political questions have aroused 
there has been shown a good deal of misunderstanding of the farmer’s position, 
and my immediate purpose is to try to explain his handicaps. In agricultural 
circles all the matters to which I shall refer are familiar topics ; but to the 
public the unhappy position of the British farmer, with the world’s best food 
market open to him, must often be a mystery ; a mystery which is not infre- 
quently accounted for by the phrase with which The Times newspaper begins 
its annual review of agriculture in 1938, ‘Grumbling is said to be the farmer’s 
privilege.’ 

What is there to grumble at? Let me illustrate by a reference to Scottish 
experience. 

Nine years ago the Department of Agriculture began the issue of a series 
of annual reports termed ‘ The Profitableness of Farming in Scotland.’ The 
figures required for these reports are obtained by the Advisory Economists of 
the Agricultural Colleges, who collaborate with the Department’s officers. 
Very full information is obtained, the records are carefully analysed and the 
completed reports are informative and very interesting. Conditions in all 
parts of Scotland have been surveyed. My own special interest is in the 
north-east, which is my home land. In these reports the farms of the north- 
east have been arranged in groups. I select one of them, which in the first 
five years was Group | and has since been Group 2. In general terms the 
farms included in my group may be described as consisting of moderately 
large holdings of about 450 acres, with from 325 to 375 acres under the plough. 
Rents are rarely less than 17s. and rarely more than 20s. per acre. The 
tenants’ capital is about £10 per acre and the saleable products consist mainly 
of fat cattle and sheep, oats and potatoes. The number of farms in the group 
referred to has varied from ten to twenty-two. 

In assessing profits the practice is to charge the occupier of the farm with 
an appropriate rent for the house which he occupies ; he is also charged with 
the value of the produce consumed in his household. When these adjust- 
ments have been made I find that over the nine-year period the farms in question 
showed an average return on tenant’s capital of 7-7 per cent. In this figure 
there is included the farmer’s remuneration for his own work. If a charge of 
4 per cent. is made for interest on capital, then the farmer may be said to earn 
a salary of £140 per annum. In the best year of the nine the farmer’s income 
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rose to £600, after charging interest at 4 per cent., but in the worst it fell to 
minus £288. It is no wonder that after the calamitous harvest of 1938 these 
north-eastern farmers should have besought the Secretary of State for Scotland 
to visit the district and to see for himself the plight to which they were reduced. 

The Department’s accounts extend over a period of nine years only and 
do not enable us to contrast pre-war and post-war conditions. It happens 
that I have had access to some farm accounts which, though not so detailed 
as those of the Advisory Economists, enable this comparison to. be made. 
I shall refer in the first place to the post-war accounts of a farm very similar 
to those in the group mentioned above. For the first three years after the 
war the Profit and Loss statements were so much affected by the writing down 
of inflated values that I omit them. There remain, until May 1938, accounts 
for fifteen years which, after adjusting for house rent and value of produce 
consumed, show an average profit of 6-9 per cent. on the capital invested. 
If 4 per cent. were charged on the capital a salary of £2 per weck would remain 
for management. 

Until 1919 the farm in question formed one of several, managed on similar 
lines, for which accounts are available from 1872 onwards. In two years 
only in the forty-eight years to 1919 did a balance appear on the wrong side 
and in neither year was it a large one. In six of the above fifteen post-war 
years the balance was on the wrong side. The returns per acre over the 
worst fifteen-year pre-war period were about 10 per cent. better than the 
returns of the fifteen-year post-war period, while between 1872 and 1919 the 
returns per acre were about 75 per cent. greater than they were in the fifteen 
years ending in May 1938. 

Dairy farmers in the south-west of Scotland have fared much better than 
farmers in the north-east, as dairy farmers have done elsewhere, milk prices 
being at a much higher level, in comparison with pre-war prices, than in the 
case of other farm produce. Recently, too, the Milk Marketing Boards have 
ensured producers of a market. But throughout the arable districts of Britain 
the experience of farmers has not differed widely from that to which I have 
alluded above. 

In a recent report of a Cambridge survey made in the eastern counties it 
is stated, for example, that ‘in only one year since 1931 have these surveys 
suggested that there has been on the average any appreciable surplus over 
and above interest and occupier’s wage.’ In 1938, when the Cambridge 
survey contained records of 200 farms, of the average size of 163 acres, in the 
counties of Norfolk, Essex and Cambridge, it is shown that, when credited 
with house rent and produce consumed and debited with interest at 4 per cent., 
the farm income sufficed to pay the occupier a wage of no more than £100 for 
his year’s work ; adding interest at 4 per cent. on his capital of £1,765, the 
average farmer had at his disposal an income of £171, out of which he paid 
£53 for house rent and the produce consumed by his household. 

Although in the post-war years the British farmer has had a very hard 
time his trials have been nothing like so great as have been those of farmers 
in the United States. In the later war years farmers in the States enjoyed 
great prosperity, the gross income from American farms rose from an average 
of about £1,428 millions in the three years 1911-13 to £3,600 millions in 
1919-20 ; there was a very heavy fall in 1921 and 1922 and then, although there 
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was some recovery, a difficult time continued until 1929 ; after the financial 
crisis of that year there was a catastrophic fall, so that in 1932 the farmers’ 
gross income was estimated at £1,132 millions or less than one-third of the 
amount at which it stood twelve years before. The American farmer depends 
much less on hired labour than does the British farmer, and in the depth of 
the depression he not only dismissed many workers, but reduced wage rates, 
so that in the years 1932-35 they fell from 11 to 12 per cent. below the 
1911-13 average, but in spite of these wage cuts and every other economy the 
farmer’s plight in the early thirties was deplorable. In 1929, after meeting 
necessary outgoings and allowing themselves wages at the same rate as their 
hired men, American farmers retained enough to meet an interest charge of 
33 per cent. on their invested capital. In the three following years the 
returns on their investments were — 0-7, — 2:8 and — 4-2 per cent. respectively. 

The American farmer’s purchasing power is relatively a much more 
important matter for American industry than is the British farmer’s for our 
own industfialists, and towards the end of the 1920’s the fall in the farmer’s 
purchases greatly alarmed American Big Business. In 1929, a few months 
before the Wall Street crisis, President Hoover created a Federal Farm Board 
to endeavour to assist farmers by promoting orderly marketing, by encouraging 
co-operative societies and by checking speculation. The Board, which con- 
sisted of nine experienced and successful business men, was provided with a 
revolving fund of 500,000,000 dollars, from which, among other purposes, 
advances were made to keep surplus products off the market ; but after the 
crisis assistance, even on the grand scale which the Board was enabled to offer, 
proved of no avail ; very large losses were incurred as a result of its transactions 
and with the change of President it ceased to function. 

When, in January 1917, I took the nucleus of the Food Production Depart- 
ment from Whitehall Place to Victoria Street a colleague suggested to me 
that for our telegraphic address we should register ‘Growmore.’ The sug- 
gestion was at once acted upon and when, after the war, the Food Production 
Department returned to Whitehall Place, ‘Growmore’ was adopted by the 
Board as a telegraphic address, so that it still remains as the Ministry’s address 
and its slogan. But this was not the policy that leading business men in 
America could recommend to distressed farmers. In November 1930 the 
Federal Farm Board issued a leaflet with the title ‘Grow less, Get more’ and 
the sub-title ‘ Millions of dollars and hours of work are lost by over-production.’ 
And it must have been sound counsel, for, though it was Republican advice, 
it was held to be good by the Democrats who soon afterwards came into 
power. From a pamphlet, ‘Achieving a Balanced Agriculture,’ issued in 
1934, and prefaced by a message from President Roosevelt, I take the 
following telling lines : 

* Surplus Food on Farms—Idle Men in Cities—In the fact that farmers were 
less and less able to buy the things that people in the cities were making, lies 
the explanation of how one surplus caused another, until farmers were burning 
wheat while bread lines lengthened in the cities, until the fantastic spectacle 
of poverty in the midst of plenty traversed America like a dance of death.’ 

It was this fantastic position that led to the Agricultural Adjustment Act, 
which provided for the reduction of the farmers’ chief commodities under a 
contract system ; those producers who contracted for smaller areas of certain 
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crops, or for keeping fewer livestock, received ‘ benefit’ payments by way of 
compensation. 

President Roosevelt’s Administration was one only of a number of Govern- 
ments that resorted to similar drastic measures to dispose of surpluses. In 
South America Brazil burnt its coffee. In Europe Holland reduced its pig 
population by one-third between 1932 and 1936; it also slaughtered about 
200,000 surplus cows, and sold the meat at low prices to the unemployed. 
Denmark, too, reduced its dairy herd, and took the opportunity of killing off 
not only old animals but tuberculous cows, thus effecting an increase in the 
quality of its remaining livestock. Before 1932 the Danish pig population 
had increased rapidly, farmers attempting to maintain their income when 
bacon prices fell by producing more. Our own bacon policy led the Danish 
Government to decree a drastic reduction in pig-breeding, so as to reduce 
exports to the limits set by the quota we allowed. The result was that the 
Danes sent us less bacon, but got more money for it. New Zealand had an 
opposite experience. She sent us more lambs, but secured a smaller total 
payment. 

The extraordinary measures which the Governments of many countries 
have been forced to take for the protection of primary producers in recent 
years were due to exceptional conditions which owed their origin to the dis- 
turbance of the Great War; but in a less acute form these conditions have 
long existed and are now reflected in the low earnings of agricultural workers. 
The Agricultural Committee which met under the auspices of the International 
Labour Office last year to examine the position of peasants and agricultural 
workers reported that, in all of the twenty-three countries which were repre- 
sented, the conditions of employment and the earnings of agricultural workers 
urgently called for improvement. 

In this country, where conditions are better than in most others, workers 
are rapidly leaving the land to seek higher wages in new occupations and 
farmers, though they may be willing, are unable to pay their men what they 
admit them to be worth. 

It is a strange thing, surely, that these conditions should exist, so that the 
chief of the world’s many industries, that which supplies man’s primary need, 
that, too, in which most of the world’s inhabitants are engaged, should earn 
for its workers so meagre a reward. One reason, indeed, for agriculture’s 
position is that among industries it is not only the most essential, but was the 
first. Until there was a surplus of food no other industry could arise and until 
that surplus was secure no other industry could prosper. Men deserted 
agriculture when opportunities of a better livelihood in other industries arose, 
and men in the mass not being given to altruism, so soon as better conditions 
were secured by themselves they took measures to safeguard their food supplies, 
regardless as a rule of the fate of those left behind on the land. The develop- 
ment of urban industries called insistently for cheap food, a prime factor in 
the cost of production whatever may be the finished product of the factory, 
and so gradually by organisation within industries and the adoption of methods 
not applicable to agriculture, better profits than could be made by food 
production were secured for masters and better wages for men. 

In some countries, notably in our own, humanitarian motives supported 
industrial demands until food came to be regarded as a commodity apart 
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from all others, something that of right belonged to ‘ the people,’ i.e. to the 
non-agricultural consumer, rather than to those whose labour produced it. 
I am not here concerned, however, with motives or with the justice of the 
treatment which food producers have received ; my purpose is to try to explain 
how it is that two-thirds of the world’s inhabitants, those engaged in agricul- 
tural pursuits, have in the struggle for existence been reduced to a lower standard 
of living than the one-third who have taken to other industries. In the case 
of the peasant and the hired land worker, to whose unhappy condition in 
many countries the International Labour Office has recently drawn attention, 
the causes responsible are of a kind which hitherto have proved to be insepar- 
able from a state of advancing civilisation. 

To a degree varying with the extent to which the farmer depends for his 
reward on labour, or on the management of labour, the above-mentioned 
conditions affect him as they do the land worker ; but in the farmer’s case 
there is a further circumstance which, arising about a century ago with the 
development of transport, now affects him acutely, because of the way in which 
the great food markets are closely linked by steamships, rail and road. And 
here it is not a case of the enlightened self-interest of his fellow-men protecting 
themselves at his expense that the farmer has to complain of. It is his own 
action which gives him a weak place as a competitor in the world’s markets. 

The disastrous effects of surfeited markets on the American farmer have 
already been alluded to, and to the effects in other countries I shall refer 
later ; but first let us see how these difficulties arise. 

The universal demand of the consumer, i.e. of everyone including the farmer 
himself, is for an abundant supply of good food ; this is the demand which 
world markets transmit to the producer ; this is the demand which he seeks 
to- meet and it determines his policy in planning the cultivation of his land. 
But unlike the manufacturer, the agriculturist cannot estimate his output 
closely, he knows that unfavourable seasons must be reckoned with, and, 
grumbler though he may be at harvest time, the farmer is always an optimist 
in the spring. This constitutional optimism, be it noted, is a fortunate thing 
for industrial countries, whose markets are now so well supplied that no one 
who has the money to buy food need fear starvation, but it has had melancholy 
results for the farmer himself. 

Since it is the case that producers of foodstuffs for world markets arrange 
their business so as to provide full supplies in average seasons, there arises 
sooner or later a condition under which, from the producer’s point of view, 
the market is overstocked and prices fall below the level which has hitherto 
met the cost of production. This condition may arise because of a succession 
of favourable seasons, or the advent of competitors new to the particular market, 
or to a fall in the purchasing power of consumers. In similar circumstances 
those engaged in other industries reduce costs of production, restrict output, 
or forgo profits, until an improvement is secured. The agriculturist can 
adopt the first and third expedients, he does try to lessen costs of production, 
he can and does forgo profits for a time, though his reserves are usually very 
limited. It is the second, and in the case of most industries the most effective, 
measure that defeats the food producer. So far from restricting output the 
agriculturist invariably attempts to maintain income by increasing production 
and a vicious circle of more produce less profit sets in until there is a collapse. 
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Even if we agree that the weakness of the producer’s competitive position 
is largely the result of his own action, we must admit that it is action of a natural 
and reasonable kind. He cannot predict the seasons, much less the purchasing 
power of consumers, several years ahead, and though hard work may now be 
regarded by some as less virtuous than capacity for enjoying leisure, it is 
surely not a failing to be condemned. 

Far from being regarded as a failing, the reaction of the farmer to the spur 
of necessity was throughout the greater part of the nineteenth century recog- 
nised as being of immense national value to the people of Britain. Porter, 
whom I have already quoted, in discussing, in 1836, the remarkable way in 
which farmers responded to the demands being made by a rapidly growing 
population for more food, makes the point that, by stimulating farmers to 
greater exertions, low prices had a double value to the nation.? It is well 
known, too, that throughout this period landlords and their agents frequently 
defended rent increase as being of national value, since land ‘ salted’ with a 
high rent spurred farmers to make greater efforts. It was not until towards 
the end of the century that agriculturists themselves were fully convinced of 
the truth of the dictum ‘ high farming is no remedy for low prices.’ 

Reference has already been made to the great fall in value of the American 
farmers’ output after 1920. An American economist ® points out that although 
between 1920 and 1925 the area under crops had fallen and there had been a 
decrease in the number of farms and farm workers, there had been a more 
rapid increase in production in the United States than in any similar period 
since 1900, and this, it should be noted, in spite of the incentive to production 
that had been given by war prices between 1914 and 1919. Thus, so long as 
farmers in the States were solvent, low prices were more effective in stimulating 
production than high, for, as was the case in this country, while money was 
available it was used to improve cultivation. 

The Canadian farmer’s experience was similar to that of his neighbour in 
the States. Taking the price index of his field crops at 100 in 1926, the average 
for the years 1927, 1928 and 1929 was 96, but in the years 1931, 1932 and 1933 
it fell to 43. In the first group of years the farmer put on an average 22-9 
million acres under wheat, in the three later years 26-5 millions ! 

Mention has already been made of the reaction of Danish pig producers 
and New Zealand sheep farmers to falling prices ; what has been happening 
at home ? 

From time to time many of you must have noted with pleasure, as I have, 
statements by Ministers on the rising agricultural output since 1932; sub- 
stantial figures of 14, 16, even 18 per cent. increase in output have been 
announced, and with legitimate satisfaction, by political leaders. I myself, 
with equal satisfaction, have claimed the result as the harvest of much effort 
put into agricultural education and research by some of you who are present 
here to-day and by your colleagues in colleges and research institutes ; but when 
shouts of ‘ sheep’ and ‘ barley’ arose in Lincolnshire in the autumn of 1938 and 
were repeated in many other counties, my pleasant reflections were disturbed 
and I began to ask myself: Have we been right in attributing this burst of 


2 In 1834 and 1835 wheat prices fell to the then low figures of 46/2 and 39/4 per quarter. 
3 O. E. Baker, U.S.A. Department of Agriculture, in Graphic Summary of American 
Agriculture, 1931. 
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activity, this large rise in our agricultural output, to Ministers and officials 
and scientific workers and county lecturers? Can it be the case that once 
again in our agricultural history we have been experiencing the results which 
have followed whenever the spur of necessity has been deeply driven into the 
unfortunate farmer ? 

Since the war there have been changes in the balance between producing 
and distributing industries and in our social conditions and habits which 
have further weakened the competitive position of the farmer in the home 
market. The increased spread in prices between the wholesale and retail 
markets by checking consumption have undoubtedly lessened the farmer’s 
receipts. To the housewife food is not cheap, but its high price gives little aid 
to the farmer. If he received the same proportion of the retail price that 
reached him before the war there would be no agricultural problem for 
Governments ; but as matters are the farmer’s share of the increased price 
which the consumer pays consists mostly of the blame. This share is, indeed, 
generously apportioned to him whenever high food costs disturb the public 
mind. Within the past year or two his individual responsibility has, no doubt, 
been less heard of ; it is the Marketing Boards that now make useful targets. 

Take bread as an illustration of the spread of prices on the farmer’s position. 
When, in 1906, I first went to London, the 4-lb. loaf cost 54d. and for his wheat 
the farmer collected 53 per cent. of the consumer’s money. Last month the 
4-lb. loaf cost 84d. and with the help of a subsidy the farmer collected 30 per 
cent. of the proceeds. I have seen the subsidy described as ‘ iniquitous ’ and 
I believe that this view of it is common ; but if those who complain of the farmer 
were to get wheat for nothing the 4-lb. loaf would still cost as much as it did 
thirty-three years ago ! 

The spread in prices between the farm and the consumer has been a common 
experience in many countries since the war, especially in those countries where, 
as in the United States and Britain, the standard of living is high. An enquiry 
into farm and retail prices in the case of 58 articles of food has recently been 
made in the United States and this showed that, in the years 1933 to 1937, 
the farmer’s share of the consumer’s dollar varied from 33 to 45 cents. The 
lower the price level the smaller was the farmer’s share, since intermediate 
costs are more or less rigid. The reduced purchasing power of the public in 
bad times hits the farmer severely ; others in the food industries are better able 
to secure their share than he is and so the farmer gets what remains over 
when others have satisfied themselves. 

In the post-war years there has been a notable increase in the number 
of persons employed in the distributing trades and in the number of shops. 
The number of insured persons employed in the distributing trades has risen 
from 3} millions in 1927 to 44 millions in 1938. There has been a very great 
demand on the part of the public for services, and because of unemployment 
in productive industries and better prospects in distributing industries, the 
latter have enlisted many more recruits than formerly. The finding of a liveli- 
hood in distributing industries by so many more people entails a corresponding 
levy on the goods sold. Theoretically the consumer should pay, but in fact 
the producer who consigns to any well-stocked market is certain to share the 
cost. 

A second consequence of the increase in the demand for services is that it 
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is very difficult to prevent undue profits. They are restricted, no doubt, by 
competition and almost all enquiries into retail profits report that they are 
reasonable. Consumers are now very exacting in their requirements and 
unquestionably they are well served. Enterprising tradesmen may properly 
claim that they deserve to make money. It is undoubted, however, that many 
of them prosper in a way that few farmers do and the farmer would be much 
happier if the distributing services were less popular and more of his fellow- 
countrymen were engaged in the producing industries. 

It is not that farmers are on bad terms with middlemen ; personal relations 
have always been friendly, and largely for this reason agricultural co-operation 
has been of slow growth ; but friendly relations do not prevent recognition 
of the fact that those who trade in foodstuffs do better than those who produce 
the goods. We live, no doubt, by exchange of goods and services, but while 
the pound, the pint and the yardstick help us to value goods, no ready 
standard is available to measure the value of the services now being demanded 
by consumers and we can only take note of the fact that in the exchanges of 
the food market the trend is for services to benefit at the expense of goods. 

It is usual for British farmers to attribute their major difficulties to the 
fiscal policy followed by this country for nearly three generations ; this policy 
greatly benefited most of thcir fellow-countrymen and it had unfortunate 
results for many of them. But the fact that farmers in countries adopting 
quite different fiscal policies have suffered so severely in recent years shows 
that fiscal policy alone could not account for the difficulties of which primary 
producers complain. These I attribute to circumstances arising out of the 
nature of the producer’s calling, circumstances which operate so generally 
and so frequently that they must be regarded as condemning him to occupy 
at most times a weak place in the food market. This weakness in the market 
place has resulted in the position to which Lord Stamp drew attention when, 
in 1931, he addressed the Farmers’ Club on ‘ Agriculture and the Price Level.’ 
‘My broad view,” he said, ‘is that in the past hundred years agriculture 
generally has had to be satisfied with a perceptibly lower rate of return than 
the general rate. In this sense I would say that over a long period the world 
has been fed at less than cost price, assuming that in cost we include a standard 
and equated remuneration for service.’ 

The British farmer, long accustomed to listen to charges of, shall I say, a 
policy of ‘ encirclement ’ in food matters, will indeed welcome this statement 
by so distinguished an authority ; and now, when in discussions on subsidies 
and quotas and price-insurance, he is being denounced as a profit-minded 
aggressor on the National Exchequer, he may even be emboldened to seek 
the continued support of his fellow-countrymen by representing that these 
Exchequer grants, so far from being doles, are in fact deferred payments for 
services rendered throughout a long period during which he was impoverished 
and his country grew rich. 


II. 


With subsidies, price-insurance and other measures of the kind for assisting 
agriculture which at present occupy so much of the farmer’s thoughts, the 
majority of scientific workers have no direct concern. The remedies for 
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agriculture’s handicaps which they have to offer depend on research, and 
fortunately research is a remedy so widely approved that, when it does arouse 
criticism, the complaint usually is that too little use is made of it and that the 
financial resources provided are too meagre. 

For criticism of the kind there is, no doubt, justification ; but in the past 
thirty years scientific research in agriculture has made great progress in this 
country and the prospects for further progress are now better than they ever 
have been. The subjects under investigation at our Research Institutes and 
University Departments of Agriculture are so numerous that the time at my 
disposal would not permit me to mention,them all, much less to comment 
on them in any adequate way. My remarks on the scientific workers’ pro- 
grammes must necessarily be of a very restricted kind. Last year an exten- 
sive review of the investigations then in progress was published by the 
Agricultural Research Council and three months ago, in its annual Farmers’ 
Guide to Research, the Royal Agricultural Society reviewed current work 
in agricultural science. Incidentally, may I say that the Society and 
its Journal and Education Committee are to be congratulated on the new 
and enlarged form which the hundredth volume of the Journal has taken. 
Part I of the Journal which was issued in June gives the motto ‘ Practice with 
Science ’ a good send-off on its second century of endeavour. 

As for meagre financial resources, no one can be more conscious of the 
needs and demands of the scientific worker than I am. During long years in 
Whitehall I have many times reflected that the doctrines of Malthus, con- 
founded though they may be by twentieth century birth statistics, are peculiarly 
applicable to agricultural science ; the pressure of its annual recruits on the 
means of subsistence have given me many an anxious hour. Yetwhen I look 
back to the first years of the century when Hall, Russell, Percival and Theobald 
were breaking new ground at Wye, when Wood and Biffen were making the 
reputation of the Cambridge School of Agriculture, when Somerville had 
already shown how pasture improvement may be effected and measured, it is 
not the meagreness, but the growth of the resources now available to the 
agricultural worker that impress me. For I recall that, in the first report to be 
written by me in Whitehall Place, I had to point out that for the purposes of 
experimental work and research the State had granted no more than £380, 
whereas in the present year the Development Fund, which Mr. Lloyd George 
provided for us in 1909, is assisting the scientific worker in agriculture, and 
through him the British public, to the extent of some £500,000. And the 
Development Fund, although much the most important, is not the only source 
of funds available. 

It is questionable if the general public realise how largely the programmes 
of the agricultural investigator are framed in the interests of the nation as 
a whole. Indeed, if these programmes were framed solely for the farmer’s 
benefit, some of you, as you listened to my doleful account of the difficulties 
caused to the unhappy farmer by surfeited markets, may suppose that my 
remedy would be transference of the millstone of surplus from the shoulders 
of the producer to the neck of the scientific worker! But although fully 
conscious of the large increase in world production recently brought about as 
a result of the activities of plant breeders, chemists, pathologists and others, 
I trust you will not think my logic faulty if I disclaim any such idea. A better 
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course is indicated. If we examine the conditions of the times in which the 
Royal Agricultural Society adopted the motto ‘ Practice with Science’ we 
find in them circumstances recalling those which confront us to-day. For 
twenty years, from 1816 to 1836, agriculture had been passing through a 
period of very great distress, the sufferings of English farmers then were as 
acute as were those of farmers in the United States six years ago ; very many 
agriculturists were ruined and became labourers. But in spite of the hard- 
ships endured by individuals there was a bright side, substantial progress in 
the art of husbandry was being made, and as I have pointed out, there was 
a large increase in food production. With the first lifting of the clouds towards 
the end of the eighteen-thirties the optimism of farmers reasserted itself; they 
took courage for the future and it was to science that those who were their 
leaders looked for help. It is interesting to note that, under conditions which 
show many points of similarity with 1839, the 1939 volume of the Journal of the 
Ministry of Agriculture and Fisheries announces on its first page, ‘ Science and 
Practice expresses the present purpose of the Journal.’ 

Can we equal the courage of our grandfathers and great-grandfathers ? 
Their markets were assured, it may be said, but what of ours? ‘Times have 
changed no doubt, markets have been difficult, but no more difficult for us 
than for the American farmer, and, recalling the fact that with those changes 
which have weakened in some respects the farmer’s position there has been a 
great increase in the resources of science and in the skill of the investigator, 
let us look at America’s reaction to depression. 

In the United States, where the wheat surplus became literally a burning 
question, where swine met a Gadarene fate and where the misfortunes of the 
farmer were greater than anything we have recently experienced, what has 
happened to the programme of the scientific worker? Stringent adminis- 
trative action was taken, as I have already said, to reduce surplus products 
and to restore healthy marketing conditions ; in all this work, as we should 
expect, the agricultural economist played his part. But there was no mill- 
stone for the neck of other scientific workers ; on the contrary, activity in the 
biological and physical sciences increased ; immediate steps were taken to 
survey the position reached in these sciences, and to prepare for the heavy 
task of reconstruction lying before the Administration. 

The character of the measures adopted has been shown to us in the Year- 
books of the Department of Agriculture for 1936, 1937 and 1938. Until 1935 
these yearbooks had consisted of short articles on many subjects, written by 
experts in popular language for the education of farmers. In 1933, in the 
depths of the financial crisis, a new decision was come to. Two great problems 
were faced : one of them the conservation of the country’s natural resources, 
and especially of its soils, which had been cruelly treated ; the other, the improve- 
ment, by scientific breeding, of those plants and animals with which the 
farmer is concerned. By empirical methods much had been accomplished by 
breeders in the two preceding centuries, but new methods, introduced a 
generation ago, had wholly altered the outlook: thus the statesman who is 
now Secretary for Agriculture when he came into office set up a committee 
to survey the possibilities of what was termed ‘ Superior Germ Plasm.’ The 
results of this survey have been given to the American public in the 1936 and 
1937 Yearbooks of Agriculture and their purpose is made clear by the words of 
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Secretary Wallace, who wrote in an introduction: ‘I trust that the day will 
come when humanity will take as great an interest in the creation of superior 
forms of life as it has taken in past years in the perfection of superior forms 
of machinery. In the long run superior life forms may prove to have a greater 
profit for mankind than machinery.’ Those who have met Mr. Wallace and 
have listened to him speak at conferences will be likely to conclude that the 
possibility of creating ‘superior forms of life’ has for him a very special 
interest. 

Yet, as might be expected in an agricultural leader but two generations 
removed from the traditions of Scottish nineteenth-century farming, Mr. 
Wallace recognises that if agriculture is to benefit from superior forms of life 
there must be skilled treatment of the soil. And so the third of the yearbooks 
above referred to, that for 1938, which is entitled Sozls and Man, has been 
written to raise the American farmer’s future soil management to a higher 
level. Like the earlier yearbooks it is the result of a survey, in this case by 
the skilled officers of the American Soil Bureau in co-operation with the State 
Experiment Stations. The volume is intended to show Americans how very 
important a subject for them proper soil conservation is ; but in it there is 
much that is of interest to every country. Those of us who have long admired 
the energy and skill with which Americans have conducted their soil surveys 
must be gratified to learn how useful their knowledge is now proving. 

The immediate lesson for those British soil workers whose studies extend 
to Empire problems is to enforce the need for more attention to soil conserva- 
tion. Incidentally, may I congratulate our Secretary, Mr. Jacks, on his 
valiant effort to drive home this lesson in a recent book. The Rape of the 
Earth is at least a title that arrests attention, although perchance those who 
pull Mr. Jacks’ book down from the library shelf, expecting a discussion on 
Lebensraum and enlightenment on the activities of dictators, may be surprised to 
find that man’s inhumanity to soil, not man’s inhumanity to man, is the subject. 

In the United States the results of man’s neglect have been melancholy 
indeed. In 1937 there were, we read, 415 million acres under crops, but of 
this total 161 million acres only could be described as being well managed 
and in a satisfactory state of cultivation. Some 253 million acres, because of 
their natural poverty, or because of erosion, were close to the margin of cultiva- 
tion, while an area of land formerly under crops, and nearly five times as 
large as the arable area of Great Britain, had been ‘ essentially destroyed for 
tillage.’ The comment of the Secretary for Agriculture on these figures is : 
‘This terribly destructive process is excusable in a young civilization. It is 
not excusable in the United States in 1938.’ 

From the foregoing examples of the action which has recently been taken 
it will be seen that, in the United States, no question of a millstone for the 
neck of the scientific worker has arisen. On the contrary all the knowledge 
and experience which have accumulated in that country since, in 1887, the 
Hatch Act gave agricultural research its first charter, have been drawn upon 
to provide enlightenment and new programmes of study for the development 
of its national resources. 

And the policy which experience has led the United States to adopt is 
a policy which applies equally to ourselves. As is pointed out in a recent 
Rothamsted report, commenting on the difficult position of the British farmer, 
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‘There are various possible remedies, social, economic and technical, but 
the line adopted at the experimental stations is to seek means whereby 
the efficiency of the farmer and of the worker can be increased, so that he 
may with the same expenditure of time and energy produce more food.’ 

Studies relating to the search for ‘ superior germ plasm ’ are being vigorously 
pursued in Great Britain as in the United States. The narrow range of our 
climate limits the new forms which we ourselves could make use of ; but in 
the Mother Country of an Empire whose climates vary from arctic to tropical 
the range is unlimited. The Dominions, the Colonies and India, have in 
recent years benefited greatly from the work of the plant breeder. The hunt 
for plants desirable in themselves, or as parents for new forms, is continuous. 
Australia, for example, has already introduced over 6,000 new plants from 
sixty-seven countries; again, as a result of a recent expedition to South 
America, our potato-breeding stations have acquired a number of new species 
of Solanum. My predecessor’s plea for the extension of temporary leys can 
be realised more fully than now when the Plant Breeding Station, of which he 
is Director, provides, as it will provide, grasses and clovers as generally accept- 
able to farmers as were Sir Rowland Biffen’s ‘ Little Joss’ and ‘ Yeoman’ 
wheats. 

In Great Britain the climate and our farming methods have saved our 
soils from the fate of those of the United States, but again our students of soil 
have Empire conditions to consider. Nor can it be said that British soils are 
getting as much attention as they deserve. In this long settled country our 
very familiarity with soils has led to neglect. Samples taken from the field 
to the laboratory have, no doubt, long been examined by chemists ;_ but, 
until recent years, soils as they occur in nature have been given little attention. 
Of most British soils it may even now be said that our knowledge of them has 
scarcely penetrated below the plough plan : but at least a beginning has been 
made and in limited areas careful studies are in progress. By learning from 
America and Russia, methods of soil surveying applicable to British conditions 
are being worked out; these methods are now sufficiently standardised to 
enable systematic surveys to be taken in hand and further progress in this 
direction is delayed only because of the small number of those who have been 
enabled to make the study of the soil zm situ their main concern. A good deal 
has recently been said about the need for planning the uses of our limited 
area of land and arguments have been put forward with which I agree, but, 
for effective planning, I believe the first need is to reach a fuller understanding 
of the material for which we propose to plan. 

To the great advances in knowledge of human nutrition which have been 
made since last the Association met in Dundee, our Agricultural Institutes 
have made important contributions. The Rowett Institute, indeed, from 
which is issued Nutrition Abstracts and Reviews, may be said to occupy a central 
place ; while in stimulating the interest which the public now take in the 
better balance of the constituents of their foodstuffs no one has been more 
effective than the Institute’s Director, Sir John Orr. 

Agriculturists themselves have long been interested in discovering the 
correct balance that should exist in the constituents of the forage supplied to 
farm animals ; thus the attention recently given to human diet, and to the 
effects produced by its deficiencies, have called for many studies in which 
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agriculturists and those scientific workers whose primary interests are in 
human nutrition have co-operated to the great advantage of both. But this 
recent co-operation does not justify statements suggesting that, until now, 
agriculture and human nutrition have been strangers to each other. It is 
surely very late in the day to announce that the time has come for a marriage 
between agriculture and nutrition. I myself supposed that this union had, 
in fact, existed ever since Adam delved in Eden ; thus it was with something 
of a shock that, in the preface to a recent notable book on British agriculture, 
I read that its purpose was to ‘ effect a true marriage of agriculture and 
nutrition.’ It is surely unkind to suggest that until now the union of nutrition 
with agriculture has been illegitimate! With a contributor to the Journal 
of the Ministry of Agriculture and Fisheries who writes of securing a ‘ happy 
marriage ’ I find no fault, for I do not contend that this old union has always 
been blissful. As I have pointed out above, agriculture has had a hard struggle 
and poverty does not make for harmony. There is indeed much that could 
be done to make the marriage a happier one. 

Take, for example, the benefits that both agriculture and nutrition would 
derive from discoveries that would improve the health of farm livestock. 
By raising the standard of health in domestic animals we would meet some 
of the most insistent demands of nutrition experts. It is generally agreed 
that nothing would do more to reduce the number of C3’s among us than an 
increase in the consumption of milk and eggs ; it is generally claimed, too, 
that to secure increased consumption prices must be less than they now are, 
and I believe it will be held by those who have studied costs of production 
that the possibility of lowering prices depends first and foremost on improving 
the health of the cow and the hen. So long as the wastage in dairy herds and 
poultry flocks remains at the present level, it is difficult to see how the cost of 
milk and eggs could be much reduced. To a less extent, perhaps, but still 
to a substantial degree the cost of other animal products is increased by the 
ravages of disease on our flocks and herds. 

It was the extent of these losses to the stock owner, and their effect on the 
food supply of the public, that led the Agricultural Research Council, soon 
after it was established in 1931 and had surveyed the tasks confronting it, to 
decide that its main effort in the immediate future should aim at effecting 
an improvement in the health of farm animals. 

With this object in view the Council formed technical committees which 
brought together for joint study those already engaged in the investigation of a 
number of diseases of special importance. It made grants for assisting research 
in numerous cases where additional funds were necessary. It employed trained 
surveyors to visit stock-raising districts, in which diseases, especially those 
of an obscure kind, were prevalent, and in this way collected much fresh 
information on the incidence of disease. Experience gained in work of the 
kind pointed to the need for a central Field Station at which it would be 
possible to carry out investigations on selected diseases on a large scale and 
under farm conditions. For this purpose the Council has acquired an estate 
of about 1,500 acres and this is being provided with laboratories, houses for 
the breeding of laboratory animals and isolated cattle sheds for accommodating 
animals under investigation. 

The work of the Council on animals is paralleled by the assistance it pro- 
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vides for investigational work on farm crops. Committees of specialist workers 
have been set up, for example, on virus diseases, on plant diseases due to 
helminth attack and on insecticides and fungicides. One very active Com- 
mittee, of whose work we shall hear at a later session, has been that on the 
Preservation of Grass and other Fodder Crops. Most of the special grants 
made by the Council for work on crops are in aid of pathological investigations. 
Until 1911 very little attention was given to crop diseases in this country, but 
when the Development Act provided funds, entomologists and mycologists 
were added to the staffs of most agricultural institutions and, as research 
workers or advisory officers, they have since given much needed help to 
agriculture and horticulture; thus the increase in fruit growing and other 
forms of horticulture that has taken place in recent years has been stimulated 
by the researches of plant pathologists and, as in the case of animal pro- 
ducts, the nutritional demands of the public are being successfully met 
because of the invaluable aid which the scientific worker is able to give to the 
producer. Some of the best examples of ‘Practice with Science’ that the 
country can show to-day may be found in the orchards of Kent and other 
apple-growing counties. 


So far I have referred to matters that engage the attention of the scientific 
worker, while agriculture follows what has been called ‘ its natural lines’ ; 
but unhappily for us our peaceful art must face the problems raised by war, 
and although opinions have been expressed and expressed freely on the 
subject in recent months, it cannot be said that there is any agreement on the 
role that agriculture either should, or could, be expected to fill in the event 
of war. Recent discussions, and my own experience in attempting to increase 
home produce during the Great War, lead me, therefore, now to refer to the 
scientific workers’ programme in connection with home food production. 

With respect to food supply there is, no doubt, agreement that during 
peace the country should store what it can; but when this has been done 
there are some who would make little effort to increase home-grown foodstuffs, 
they would trust to our ships. Others agree that plans for increased produc- 
tion must be in readiness, but would pass no order to ‘ speed the plough’ until 
the bugle—or should I say the siren ?—sounds ; others again would advocate 
preparation for an uncertain future by aiming at a large increase of the area 
under tillage while the country is at peace. I myself belong to the last category. 
However great the effort that might be made after war broke out, I do not 
think that, as the country is being farmed at the present time, we could produce 
the foodstuffs that might well be essential in the waging of a long war. I 
believe, therefore, that apart from what we have recently been calling 
emergency measures we should now adopt an agricultural policy that would 
in future enable our soils to contribute more to our food requirements than 
they now can. I recognise of course that conditions have altered since 1918, 
but recent experience does not suggest that the lessons of 1914-18 can be 
neglected. It may be true that the aeroplane will force a quick decision, but 
wars in China and Spain do not support this view. It may be true that we 
have conquered the submarine menace ; there is little proof of this and we 
know nothing of the effects of attacks from the air on shipping. On land the 
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fortified frontiers of European countries do not suggest that armies could force 
a more speedy decision than was forced from the trenches of France. Though 
it is true that, from the military aspect, great changes have taken place since the 
Armistice, it is also true that in the interval the requirements of the human 
stomach have undergone no change and that an adequate food supply is just 
as essential a matter for combatant nations as before. 

If, in a future war, Britain is to rely, as in 1914-18 successfully, on its powers 
of endurance, then in my view an agricultural policy which would enable the 
country rapidly and largely to increase its output of home-grown food in case 
of need is the policy which Britain should adopt. 

In the emergency of war it is a difficult matter to secure attention for needs 
which lie some time ahead. Energy is concentrated on meeting the require- 
ments of the moment, or at most on those likely to arise within a few months. 
For the first two years of the Great War it was impossible to get agreement on 
a policy for increasing the food supply, and although some of us were well 
aware of our danger, it was not until the menace of the submarine was recog- 
nised early in 1917 that alarm for our supplies became general. That the 
menace was countered by the adoption of the convoy system in May 1917 is 
well known ; but the subsequent difficulties in maintaining supplies which 
were experienced in 1918 are too little remembered. Those who may wish 
to learn more of these difficulties will find them illustrated in the corre- 
spondence between the Allied Maritime Transport Council and the Food 
Council which is published in Part VI of Sir Arthur Salter’s volume on 
Allied Shipping Control. This correspondence records the country’s straits 
at a time when 90 per cent. of the world’s tonnage was at the disposal of the 
Allies and when, apart from submarines then relatively undeveloped, the 
oceans were clear of enemy shipping. Under these conditions we were able, 
but only just able, to avoid the rationing of breadstuffs, a proceeding that, 
even with victory in sight, would have had dangerous consequences. The 
necessity was averted by cutting down the tonnage allocated to feeding stuffs 
for livestock. In the period January to August 1918 feeding stuffs had already 
been reduced to about one-third of normal requirements ; but further cuts 
were called for in the autumn months and the needs of livestock were so 
meagrely provided for that a sharp reduction in meat supply must have 
followed later on had the war not ended in 1918. 

In recent discussions on the subject of food supply in war, advocates of 
storage, of increased shipping for transport and of increased tillage for home 
production have all been heard, but too frequently as advocates of rival 
methods of providing supplies in war. It cannot be stated too strongly that 
these methods are in no sense rivals. All the aid that each can give would 
be wanted in a war of long duration. In the early stages of a war stores 
would be of especial value, throughout the period of hostilities all the tonnage 
which could be made available for the carriage of human and animal foodstuffs 
would certainly be wanted and in the later stages of a long war reliance might 
have to be placed largely on home supplies. 

There was no provision by way of storage in 1914, but in 1915 and 1916 
considerable stocks were accumulated. Even at the end of 1917 the country 
had fair stocks in hand. It was in August and September 1918 that we were 
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forced to consider a policy that would have depleted these stocks heavily if 
the war had lasted into the late spring of 1919. It was then when, as I have 
just said, 90 per cent. of the world’s tonnage was at our disposal and we con- 
trolled the seas, that the immense demand for shipping to transport America’s 
armies and to convey foodstuffs for the Allies threatened us with a tightening 
of our belts that, but for the Armistice, would, I believe, have led our public 
to take a much deeper interest in post-war agriculture than in fact they have 
done. 

Recalling our difficulties in the Great War, I cannot agree with those who 
would place their sole reliance on shipping for the 70 per cent. of our food 
which we now import. Even though we hope to command the sea, we 
cannot expect to do so as effectively as in 1918, nor are we likely to have so 
large a merchant fleet at disposal as we then had. According to estimates 
recently prepared by the Chamber of Shipping and the Liverpool Steamship 
Owners’ Association the position is that, excluding tankers and ships of less 
than 500 tons, we had, in 1938, some 3,325 vessels, aggregating about 14 million 
tons gross, as compared with 5,000 vessels and 17 million tons in 1913. Even 
on the optimistic assumption that the submarine has been conquered, since 
we know nothing of the aeroplane’s powers to hamper shipping, he must be 
a sanguine person who assumes that in a protracted war the call on the land 
would be less in future than it was in 1914-18. 

It may be accepted, I think, that in any future emergency, while every 
effort would be made to maintain our normal diet, chief anxiety would be 
caused by the position of energy-supplying foods, in practice our breadstuffs. 
It was generally recognised in the Great War that the comparative absence of 
food difficulties then experienced was due to the circumstance that breadstuffs 
were not rationed. 

In the pre-war years 1909-13 the country was producing about 35 per cent. 
of its energy requirements, in 1918 the Food Production campaign succeeded 
in raising the home supply to about 42 per cent. Entering the war with home 
supplies that would have maintained us for 125 days, we produced in 1918 
the equivalent of 155 days’ normal needs. Because of lack of labour, machinery 
and implements the difficulties we faced were extreme. With the number of 
tractors now available, grassland could be broken up rapidly ; but it is one 
thing to break up grassland and quite another thing to farm it properly, and 
it is the farming, rather than the breaking up, that calls for careful preparatory 
work. 

But why break up grassland? That was the question asked in 1915 and 
1916 ; it caused much controversy and would do so again. 

The answer is that of human food, of the kind which we should chiefly want 
in war, other crops produce much more than grass. In the book Food Produc- 
tion in War already mentioned I have given many figures in support of this 
statement which I need not cite here : one general statement will suffice. In 
the years 1909-13 the soils of the United Kingdom maintained a population of 
about 154 millions. I estimated that less than one-third of this total had been 
maintained by our 34 million acres of cultivated grassland (i.e. had been 
provided with the million Calories per person per annum necessary), and that 
over two-thirds had been maintained by our 13 million acres under crops 
other than grass. Per 100 acres of land 12 and 80 persons respectively had 
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been provided for. These figures, though they relate to the energy value of 
foods only and not to other things which are essential in our diet, give a 
fairly correct idea of the relative importance of grass and other crops in 
providing war rations. The chief reason for the very low production shown 
by grass is that a large percentage of our grassland is of poor quality and is 
grazed by store cattle and sheep. For the average pasture grazed by dairy 
cows my figure was 41 persons maintained per 100 acres ; well-managed grass 
carrying good cows might indeed provide the energy needs of 75 to 80 
persons per 100 acres. 

Because of the much greater productiveness of arable land than of grass- 
land a ploughing campaign would be necessary in any future war, as in 1917-18, 
and a question of immediate interest is the addition to our home supply that 
might be made. 

If a deduction is made for imported feeding stuffs used for farm animals 
it may be estimated that at the present time from 29 to 30 per cent. of the 
nation’s energy requirement is provided by our soils. I have seen a German 
estimate, which places the figure as low as 25 per cent., but that, I believe, 
represents a case of ‘ wishful thinking.’ 

In 1918 after two years of effort we raised the then figure of 35 to 42 per 
cent. It is unlikely that we could now reach 42 per cent. after we had garnered 
a second war harvest, since in the past twenty years the area under crops, 
other than grass, in Great Britain has shrunk by some 3,900,000 acres. In the 
two years 1917 and 1918 we substituted about two million acres of other crops 
for grass. Since that time the supply of tractors has become large and labour 
difficulties in future may be less than in 1918 ; there is therefore the hope that, 
if again called upon, agriculture would do better than in 1918 ; but to reach 
the 1918 figure of 42 per cent. of the needs of the population (which has since 
increased) not only would a favourable season be necessary, but the plough 
would have to speed over twice the area broken up in 1917 and 1918. I 
estimate the percentage of our food supply that, farmed as the country is at 
present, we could expect to draw from our own soil at the second harvest after 
the outbreak of hostilities at about 35 per cent. 

Our present systems of husbandry took form long before the aeroplane 
had to be reckoned with and they may be regarded as suitable for conditions 
that until recently existed, but I cannot agree that, as Europe now is, we 
should remain satisfied with methods of farming that, in war, would leave us 
dependent for some 65 per cent. of our food supply on imports. My personal 
view is that, for defence reasons, we must change to a more flexible method 
of farming than that which is now commonly followed, that we should adopt 
a system which under peace conditions would provide from 35 to 40 per 
cent. of our requirements and in an emergency would enable us rapidly to 
increase food production to a figure providing about half our annual needs. 
The change which, for defence reasons, I now advocate is that for which my 
predecessor argued at Cambridge on grounds of good farming, namely, a 
change over from permanent to temporary grass. 

Sir George Stapledon advocated ley farming on an extensive scale. The 
adoption of this system would in his view improve the output of nearly all 
English cultivated grassland. For the purpose I suggest above it would not 
be necessary to replace more than from four to five million acres of permanent 
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grass by temporary leys. If, say, 44 million acres were thus converted Great 
Britain would then have 164 million acres under arable cultivation as it had 
fifty years ago. About 40 per cent. of the cultivated area would still remain 
under permanent grass, so that, in selecting the area for conversion into 
temporary leys, a wide choice would be available. 

The substitution of temporary for permanent grass need not, in itself, call 
for substantial changes in the character of the land’s output. The grassland 
would, as Sir George Stapledon stated, carry more stock, and if stock were 
paying better than crops the main change in output under peace conditions 
would be an increase in livestock products. From the point of view of war 
farming the advantages of temporary leys are obvious. The use of the plough 
and of other implements would be familiar to farmers cultivating temporary 
leys, but in many cases would be quite unfamiliar to those occupying only 
permanent grass. Tillage implements would be available on the farms on 
which they would be required in an emergency and the quality of the land 
itself for tillage purposes would be well known; thus, in an emergency, 
arrangements for corn growing could quickly and easily be made. 

The change which I advocate is a change that is called for mainly in 
England ; in Scotland the temporary ley is already the common practice. The 
value of the Scottish system for war farming was shown clearly in 1918. In 
that year, as the result of a very great effort, England increased her area under 
crops other than grass by some 20 per cent. as compared with 1914. In 
Scotland, where no special Food Production Department was at work and 
where opportunities for increasing the area of good arable land were relatively 
much less than in England, farmers with little outside assistance increased 
the area under crops other than grass by 15 per cent. 

The special feature of the temporary ley as compared with permanent 
grass which gives it value to the nation for defence reasons is its flexibility ; 
but to the farmer himself the elasticity which this system offers has important 
advantages. Depending on the climate, and to a less extent on soil, temporary 
leys of any duration from two to seven, or more, years might be adopted. 
In the north-east of Scotland the shorter and in the south-west of England 
and Wales the longer periods would be suitable, but even on the same farm 
varying periods of ley could with advantage be adopted if the quality of 
the land made a rest in grass for different periods desirable. 

In spite of the advantages both to the country and the farmer which can 
be claimed for ley farming, it must be recognised that in England there are 
circumstances which strongly tend to check the spread of the system. Permanent 
grass growing is the well-established custom of the country ; the change over 
from tillage to grass farming saved many from bankruptcy at the end of the 
nineteenth century and since that time grazing has, on the whole, been a safer 
business than agriculture. Again, short of capital as farmers are, it would take 
a good deal of courage to expend £3 to £7 per acre in forming a temporary 
ley, even if arithmetic proved that a return of 10 to 20 per cent. on the outlay 
may be expected over a period of years. The confidence of farmers in the 
future has been undermined as a result of their experiences since the war and 
much will depend on the extent to which confidence can be restored as a 
result of the Government’s recent policy. 

What is now called for is intensive research at a central station on the many 
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questions that would arise in connection with the conversion of permanent 
into temporary grassland, together with a close study of local conditions 
favourable and unfavourable for the extension of ley farming by economists 
and other scientific workers in different parts of the country. Sir George 
Stapledon himself is at some pains to explain that he is not an economist ; 
all the more need that we should put the economist on his tracks! He has 
already persuaded a number of farmers to adopt his advice, and the results 
secured by men who have successfully turned from permanent to temporary 
grass farming would be of much value. Relatively the number of men con- 
cerned may be small, but I believe that they are sufficiently numerous to 
provide us with guidance of a kind that we cannot afford to neglect. 

There are, indeed, features in the present situation which suggest that there 
is much scope for the economist and not only in connection with the inter- 
pretation of the experiences of grass growers. All readers of agricultural 
journals know that, in spite of agriculture’s depressed state, there are within 
the industry many enterprising men who are doing well both for themselves 
and for their land. Their methods are certainly worth study and exposition and 
the audience waits. Thanks to such movements as the Young Farmers’ 
Clubs and to the facilities for training provided by Farm Institutes, there are 
now in the country a large number of lads and young men keenly interested 
in agricultural progress and anxious to learn. Economic studies of the 
methods of successful men would be welcomed by these learners and by them 
would be translated into practice later on. The young farmers of my genera- 
tion learned chiefly by example, and no doubt the young farmers of to-day 
continue to doso ; but to-day, much more than formerly, they are so trained 
as to welcome precept, if precept is based on economic studies of the kind I 
have in view. Thus in the process of converting some four or five million 
acres now in permanent grass into temporary pastures, which would be 
necessary to fit England to respond rapidly, as Scotland already can, to the 
call for increased food supplies, I lay much stress on the assistance which the 
economist can give. 

The awakening of the soil, which would follow the breaking up of per- 
manent grassland, would intensify the programmes of most other scientific 
workers and in some cases would call for substantially increased activity. 
This would be the case especially in agricultural engineering. Whether in 
tilling a larger area in normal times, or in rapidly extending the tillage area in 
war, no form of aid would be more welcome to the farmer than aid in selecting 
and employing machines and implements that would enable him to use manual 
labour to advantage. 

In the ploughing campaign of 1917 and 1918 the presence of wireworm 
in the newly broken soil caused many crop failures. So far as possible the 
pest was countered by sowing crops not readily damaged, but this precaution 
was practicable on a limited scale only, and to-day wireworm damage remains 
one of our unsolved difficulties. Several scientific workers are giving detailed 
attention to the subject from the emergency point of view and it may be hoped 
that we may suffer less damage from this cause in future than we did twenty 
years ago, but there is still much work to be done before we can hope to regard 
the wireworm as other than a very formidable pest. In the case of existing 
arable land, which in war would be intensively cropped, eelworms and the 
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foot-rots of cereals would also be likely to do much damage. Like wireworms 
they require and are now receiving special study. 

Many other matters would call for the attention of the scientific worker 
in war; some of them could be predicted because of 1914-18 experience, 
others could not, for one thing learned in 1914-18 was that war throws up 
new and unexpected problems. On the precise nature of these problems we 
need not now speculate, rather let us note that the scientific worker is con- 
fronted with one very definite objective. This objective, which must be 
approached from different angles, may, in a sentence, be stated to be the 
preparation of British Agriculture to expand its normal output of food rapidly 
if called upon to do so. The immediate aim should be the provision of a six 
months’ supply of food for the nation in an emergency. 

Many of those who have considered the subject of food supply in war 
would not agree with the views I express ; they would point to agricultural 
experience in recent years and argue that the production of half the nation’s 
food from the soils of the country would be impossible. But while I admit 
that experience since 1919 has not been encouraging, my view is that our 
present tendency is to underestimate the capacity of our agriculture, and 
I claim that our outlook should not be restricted by the experience of the past 
twenty years. 

There is little amiss with the soils, or the climate, of Britain, our tillage land 
responded well to the calls made on it a century ago and would respond again ; 
our farmers taught those of most other countries and if their pupils are now, in 
some cases, ahead of them, there is no lack of farming talent. Research and 
education in agriculture have been with us for a generation ; growth may have 
been slow at first, but advances are now being made at a rate that is encouraging 
and we may confidently expect much more aid from science in future than 
it has given us since 1919. Thus from the technical point of view I see no 
insuperable difficulties in the programme I have outlined. 

From the point of view of farmers themselves, however, the case is otherwise. 
If they and their employees are to earn as meagre a share of the national income 
in future as they have done in the past twenty years a further decline in the 
arable area is only too likely, for the reason that, under recent conditions, 
masters and men have lost confidence in their future prospects. 

There is an atmosphere of ‘ defeatism’ about and not only among agri- 
culturists themselves. There is too ready an acceptance of the doctrine that 
economic changes have condemned the land of England to slumber under 
grass and that economic reasons forbid its awakening by the plough. As 
matters are it would certainly cost the nation money to bring several millions 
of acres back into arable cultivation and to substitute temporary for permanent 
pastures ; but if the change were made, not only would we add largely to the 
agricultural output, but there is, at least, a prospect that farmers would find 
themselves better off than they now are. In my judgment the ease with which 
tolerably good grass can be grown in many parts of England has led far too 
many farmers to bury their talents under the greensod and too many farmers, as 
well as their counsellors, believe that it is prudent to leave these talents buried ; 
but looking to the future I am satisfied that good and faithful service to the 
country calls for a change and I hope for a change that would be rewarded. 
To science I look for assistance in bringing this change about and, for the 
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farmer’s reward, to the belief that the world’s non-agricultural inhabitants 
cannot expect a continuation of the conditions which, during the past century, 
have enabled them to buy their food at under cost price. But these conditions 
may not quickly alter, while changes in farming are needed now, and as I have 
admitted that the nation must pay before large changes in our methods of 
cultivation can be expected, I will be asked why should the nation pay ? 

We fervently hope that war may be averted and most of us believe that 
in the immediate future the better our preparation the less is the risk of war. 
But can we hope that the shadow of war will soon disappear from Europe, 
where German children are being taught to hail a new saviour, where German 
youth are persuaded that might only brings right and that brutality is an 
essential constituent in man’s make-up? No one who knows anything of 
that nation can hope that the effects of the training its youth are now getting 
will quickly pass, or that we can soon look forward to the goodwill among 
men which brings peace on earth. Whatever the next year or two may hold 
in store, Britain, hateful as the prospect may be, cannot afford to neglect 
preparations for defence. And in these preparations agriculture must have 
a place. How large this place should be is a matter of opinion. My personal 
view, based on experience gained in 1914-18, is that it should have a large 
place ; but be its place large or small it is for services rendered in connection 
with defence that farmers can legitimately ask the nation to pay, as it is paying, 
and paying heavily, for the services of others similarly engaged. 

Thus looking to the future I conclude that the century-old motto which 
heads my paper is still applicable ; the nation which relied on the British 
farmer for its food supply in 1839 cannot do without his aid in 1939 ; while he 
himself, if he is to do his part as his forefathers did, must take as his watchword 
* Practice with Science.’ 


SECTION M.—AGRICULTURE 


COMMUNICATIONS 


Mr. A. Howie.—The breeding and feeding of beef cattle. 

The breeding and feeding of cattle for beef is a sign of a high standard of living, 
and to supply the epicureans at the heart of the British Empire the farmers in the 
north-east of Scotland have earned a name which is second to none in this branch 
of agriculture. 

The essential preliminary conditions for breeding and feeding of beef cattle are : 

1. A favourable climate. 

2. Suitable soil. 

3. A sheltered situation. 

4. Good buildings. 

5. An experienced and intelligent cattleman. 

Given these, the main factors in the actual process of breeding are : 

1. The purchase of good milking heifers, and especially the purchase of a good 
bull. Certain breeds are favoured. 
Calving at the proper time. 
Keeping calf flesh on the animals after weaning. 
. Concentrates after weaning. 
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Methods are described in detail, and the summer and winter feeding of purchased 
stores for commercial purposes is discussed. 

The economic side of the question is complicated, but the author has kept records 
of feeding and other costs and sales for a long period of years. 

The snag in cattle-breeding is the incidence of disease, and its prevention is 
discussed and some scheme of sickness insurance is suggested. 

The author’s experience is that cattle-breeding and especially cattle-feeding is 
the most important branch of British agriculture. It is actually the key industry, 
and if it is put on a sound basis it reacts favourably on all other farm activities and 
makes Government encouragement for most other farm products unnecessary. 


* * 
Principal W. G. R. Paterson.—Sprouted fodder in cattle feeding. 
* * 


Mr. W. Godden.—Pre-digestion of coarse fodders. 

During the present century and mainly since 1914, various methods have been 
proposed for the treatment of straws, and in some cases of wood, with a view to 
enhancing the nutritive value of the material. Various processes have been suggested, 
viz. : 


. Steaming without chemicals in open vessels or under pressure. 

. Treatment with acid. 

. Treatment with alkali in the cold: (a) with caustic soda, (5) with caustic lime. 
. Boiling with alkali in open vessels. 

. Cooking with alkali under pressure. 


In all cases the main object has been to increase the digestibility of the fodder 
and to provide a material which would be a valuable source of readily digestible 
carbohydrate. 

Most of the digestibility trials and feeding experiments have been carried out 
with ruminants with favourable results, but there are indications that such pre- 
digested materials could be used equally well by pigs. 

The literature is reviewed and recent trials carried out in this country are 


reported. 
* 


Discussion on Agricultural education. 
Mr. G. MacGregor.—Fife experiments in agricultural education. 


Mr. A. R. Wannop.—Young farmers’ clubs. 


Prof. N. M. Comber.—Advisory work in relation to agricultural education and 

research. 

Farming is an age-long art into which the essential need for technical knowledge 
has come but recently. The coming of this need brought into being a body of 
agricultural educationists—experienced in farm practice and trained in schools of 
science—who were devoted to systematic instruction of people entering the farming 
industry, and to advising on specific problems. Later the more specialised work of 
research institutes developed, and a specialist advisory service was formed. 

‘ There are now three groups of interrelated factors involved in the technology of 
arming. 


1. The technical education of the farmer. 


2. The securing of new knowledge by research. 
3. The implementing of new knowledge in farm practice. 
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At the present stage in the development of agricultural education there is a serious 
lack of balance and co-ordination between these factors. The developments in the 
acquisition of new knowledge have been much greater than the developments in 
the technical education of people entering upon farming, and the implementing of 
new knowledge is, therefore, impeded. 

A statesmanlike consideration of the immediate future of agricultural education 
must see the urgent need for securing balance among these factors and for co- 
ordination, in organic unity, of those concerned with systematic technical education 
and those concerned with advisory work. 

Public opinion in favour of technical agricultural education is still in the early 
stages of being formed, and one important factor in forming it will be the influence 
of specific advisory work in inculcating an appreciation of the need for systematic 


education. 
* * * 


Discussion on Grass conservation. 


Mr. Martin Jones.—The place of grassland in modern food production. 


Grazing used to be the most economical method for production of meat and milk 
for a number of reasons, but required the people to live in winter on salted meat and 
butter with very little milk. 

To get fresh food in winter man had to grow arable crops, but these did not 
come up to modern requirements with respect to vitamins, minerals and essential 
proteins. 

Recent developments in grassland use have made it possible and economic for 
grass and grass products to be used in the production of winter milk, winter lamb and 
winter eggs, as well as helping in the more economical growing of cereals. 

The réle of strains in herbage plants and their management for persistency, 
together with maximum production at critical times, is discussed. 


Dr. S. J. Watson.—Scientific aspects of grass conservation. 

Afier considering the productivity of good grassland, the need for efficient 
conservation is discussed. ‘The most usual method, that of haymaking, is associated 
with fairly high losses which extend to the carotene content of the original crop. 

The artificial drying of grass is considered next, and it is observed that the nutrient 
losses are very low indeed. This is also true of the carotene. The high biological 
value of the protein in dried grass is noted, and seasonal variations are briefly 
discussed. 

The third process is ensilage, which depends on the observance of certain very 
simple principles. ‘The losses in the modern processes, where molasses or acids are 
added, are low, though not so low as in artificial drying. The use of cheap portable 
silos has brought the improved silage processes into favour. Silage is a good source 
of carotene, and mineral matter can easily be added during making. 


The value of dried grass or silage is discussed in relation to making the farm self- _ 


supporting or increasing its stock-carrying capacity, and it is pointed out that the | 


conservation processes are complementary and not antagonistic. 

Typical rations are given, using the different conservation products. The 
proper utilisation of the different grass products is a very important aspect of con- 
servation and must be taken into account. 


Mr. E. J. Roberts.—The economics of grass conservation. 


Young grass, a valuable feeding stuff, may contain a proportion of crude protein | 
varying from that found in good hay, i.e. about 9 per cent., to about 20 per cent. | 
or more ; it can supply most of the wants of farm animals. If such young grass | 
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could be conserved for use in winter efficiently and economically, it would enable 
grassland to make a more balanced contribution towards maintaining our livestock. 

Two methods of conservation are possible, ensilage and artificial drying. The 
economics of these methods are discussed. Recent advances in the making of grass 
silage, by the addition of molasses, acid, etc., and by the provision of portable silos, 
have opened up possibilities for this method of conservation. One of the dis- 
advantages of ensilage is the handling and hauling of about 4 tons of water with 
every ton of dry matter. Artificial drying gives a satisfactory product, with less 
loss of nutrients than ensilage. The costs of production vary rather widely from 
farm to farm. Some can produce dried grass at a price that compares favourably 
with that of ordinary purchased concentrates ; others produce it at a price that is 
only economical if the product can be sold as a source of carotene, etc., for incor- 
porating in feeding stulis. 

Experiments have been arranged to compare ensiling and artificial drying on 
the same farms. In this way, it is hoped to conserve the grass from equal areas of 
land by the two methods, and to obtain the results, which include costs, in terms of 
milk, live weight increase, etc. 


Prof. W. Kerr.—Some engineering aspects of grass conservation. 
* * 


Discussion on Seed potato growing. 
Mr. T. A. Wedderspoon.—Seed potato growing. 
Dr. G. Cockerham.—Virus diseases and seed potatoes. 


There has been a steady improvement in the health of Scottish stocks of seed 
potatoes since the introduction in 1932, by the Department of Agriculture for 
Scotland, of a scheme whereby virus diseases are taken into consideration in grading 
potato crops for seed purposes. Nevertheless, virus diseases, particularly in their 
milder forms, continue to provide problems of great magnitude to the Scottish seed 
potato industry. Analysis of data furnished by the annual inspection of 1937 has 
indicated that some of these problems are related to the area in which crops are 
grown, and that others are intimately associated with the varieties in commercial 
demand. A major problem affecting the whole country, however, arises out of the 
ubiquity of virus X. In varieties tolerant to this virus, symptoms may be evoked 
ranging from those of negligible mottle to severe mosaic. As the virus is independent 
of insect vectors for dissemination, the environmental advantages for potato seed 
production offered by the greater part of Scotland are defeated and a large acreage 
of potatoes has to be graded (H) in place of a possible (A) were the effect of virus X 
eliminated. The replacement of tolerant varieties by intolerant or ‘ field immune’ 
varieties offers a probable solution to this problem. 


Dr. T. McIntosh.—The importance of the variety in potato production. (11.20) 


The popularity of the potato depends largely on the great diversity of characters 
found in the various varieties : the acreage devoted to the crop would be very much 
less were S. tuberosum homozygous, like some other solanaceous species. The special 
characters of varieties, however, can be appreciated only when stocks are free from 
impurities and variations. The maintenance of purity is discussed, and the very 
beneficial effect of the official inspection scheme is shown by figures relating to 
Scottish stocks. Variations and their effects on yields are examined. Many 
variations found in potatoes are periclinal chimeras, and the normal forms may be 
recovered from them by special technique. Other variations are considered and 
some of the author’s own variations, produced experimentally, are described, an 
explanation of their origin being suggested. Special emphasis is laid on the 
peculiarities of individual varieties from the cultural standpoint. In dealing with 


314 


varieties in relation to virus diseases, particularly those caused by viruses A and X, 
a scheme of planting for use when several sorts must be grown in the same field 
is proposed. In conclusion, the author deals with the raising of new varieties and 
stresses the necessity for a wider breeding policy on scientific lines, including the 
production of types immune or highly resistant to blight and virus diseases. In 
this connection, the value of species other than S. tuberosum for introducing these 
characters into new varieties, and the importance of the provision of tests for 
seedlings in their early stages are emphasised. 


LOCAL SCIENTIFIC SOCIETIES AND THE 
COMMUNITY 


ADDRESS TO THE CONFERENCE OF DELEGATES OF 
CORRESPONDING SOCIETIES 


By Pror. HERBERT L. HAWKINS, D.Sc., F.R.S., F.G.S. 
PRESIDENT OF THE CONFERENCE. 


THROUGH the whole range of Nature, classification shows an underlying simplicity 
of principle expressed through various materials and in diverse grades. Gravitation 
controls galaxies and sand-grains, and evolution is the common destiny of genera 
and of individuals. Both of these fundamental principles tend inevitably to pile up 
aggregates of ever-increasing size and complexity. But such aggregates are collec- 
tions of units, and, while appearing to acquire new properties, remain subject to 
the laws that govern units, and dependent on the reaction of their components to 
those laws. 

Human nature, despite the bombastic claims often urged by its exponents, illus- 
trates the operation of the principle of evolution with painful fidelity, especially in 
its social reactions. From the lone hunter through the clan to the totalitarian state 
the process of aggregation goes on, with increasing complexity and decreasing 
flexibility, until Nemesis clears the stage for the next performance. Within the 
frame of natural or imperial unification are innumerable smaller aggregates, each 
so similar in type to the whole that one is reminded of a crystalline fabric, where each 
molecule has a shape consistent with that of the complete crystal. 

A scientific society is but one example of this tendency towards congregation of 
kindred types. Whatever may be its peculiarities, its success or failure, each society 
has originated in much the same way as all the others. In most cases, its history 
can be traced back to the enthusiasm of an individual, who has attracted and 
stimulated a small coterie of friends or disciples. Organisation has followed ; and, 
whether it was invented or adapted from previous models, it has produced a minia- 
ture copy of a democratic state, complete with cabinet and treasury. 

The aims of these societies vary somewhat, some being devoted to research, others 
to instruction. The former type of society is in constant danger of decline, for it 
needs continuous stimulation by new enthusiasts in successive generations ; the latter 
is fortunate if it avoids the comatose senility of a social club. 

Sociability is, however, the key to the success, and almost a raison d’étre, of a local 
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society. Unless this is an association of friends, it belies its name and loses its 
efficiency. It is not in the academic eminence of its members, but in the spirit of 
co-operation and enjoyment, that the value of the society lies. For this reason a 
society that organises field-excursions as an essential part of its programme is a far 
more lively institution than one where the members meet only in the enforced 
silence of a lecture-hall. The element of friendly intercourse may, naturally, 
degenerate into a mere picnic ; but even that is preferable to the priggish snobbery 
of a lion-hunt. 

A society attracts to membership others besides those whose natural enthusiasm 
marks them as leaders in its enterprise. Although the danger of over-emphasis of 
the social side may be thus increased, such recruits are to be welcomed. Some may 
become interested and inspired, but all will contribute something, be it only a 
subscription, to help the society’s work. No government can hope to carry out its 
schemes without the backing of a body of reasonably willing tax-payers. 

The present is not altogether a propitious period for the advance of local societies. 
Although the proportion of the population capable of appreciating the aims of the 
societies is perhaps greater than formerly, the increase in the opportunities for 
recreation tends to reduce the personnel for any particular form of activity. Its 
local character is an essential aspect of a local society, and the metropolisation of the 
provinces by transport and wireless-telephony has obliterated much of the indi- 
viduality of districts. Most societies deplore the lack of youthful recruits, and look 
forward with anxiety to decreasing membership. 

In the great majority of cases, the members of local scientific societies are 
‘amateurs’ in the generally accepted sense of that term. Their scientific work is 
their hobby ; and in the present pressure of business life few have time or energy 
to spare for a pastime that demands intellectual effort. The young prefer forms of 
recreation that involve strenuous and often exhausting physical exercise, while the 
middle-aged tend towards somnolent recreation. Not until retirement ensures 
leisure for following their own devices can most business-men undertake the re- 
sponsibilities, or even enjoy the privileges, of active membership. To such, a 
scientific society may offer hope of survival, and of congenial activity, beyond the 
critical phase at which it used to be customary to receive an inscribed clock to mark 
the last few hours of life. Local societies can confer benefit on these and on them- 
selves by attracting them to membership. Individually they may have poor 
actuarial prospects of permanence; but as a class they are available in ever- 
increasing numbers. 

Probably the most fatal disease that can overtake a local society is that which 
gives it a reputation for erudition. If there is any truth in the fear of a prospective 
member that he or she would feel ignorant in a company of savants, membership 
should be avoided at all costs, for the society is not worth joining. Interest, not 
intellect, should be the gauge of suitability ; humble inquiry is more appropriate 
even to the specialist than declamation of a learning that is only ignorance in 
disguise. Mutual sympathy and encouragement must be the spirit of the society ; 
all are there to learn, and no teacher needs to be reminded that he learns at least 
as much from contact with keen students as they are likely to learn from him. 

So much of the useful work, and maintenance of interest, in scientific matters 
depends on casual every-day observation, that aspects of Nature ready to hand for 
the majority of members are likely to receive and give most satisfaction. A society 
in a coastal town can obviously foster the study of marine conditions that would be 
outside the practical scope of one in a midland industrial city. While retaining an 
intelligent curiosity in respect of any and every thing in the universe, a healthy local 
scientific society will normally tend to focus its main efforts on locally appropriate 
topics. In this matter, the term ‘ locally’ may apply to some especially vigorous 
member, whose enthusiasm for his particular bent infects many of his colleagues, 
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and, for his generation at least, overshadows the milder activities of those who have 
escaped contagion. Such waves of fashion are perhaps inevitable ; but they are 
not altogether desirable. Hero-worship falls very flat when the hero proves mortal. 

Most local societies are devoted to ‘ Natural History’; very few take much 
cognisance of the physical sciences. When specialisation is made, the two subjects 
of Geology and Archzo'ogy are those usually selected. Evidently the main function 
of a local society is its provision of relaxation for people who have no technical 
training in science. Outdoor interests offer far healthier spare-time hobbies than 
laboratory studies where elaborate calculations or stiff reading give no respite to 
jaded minds. An attractive feature of the Natural Sciences is the scope they afford 
for the making of collections. From early childhood the jackdaw-complex is deeply 
ingrained in most of us ; and although specimen-collecting may become a vice, it 
shares that risk with all other virtues. So long as mere miserly acquisitiveness is 
avoided, the arrangement and study of collected material can revive memories of 
past thrills and prolong the joys of field-work. This matter of collections is so 
important that it may be discussed somewhat fully. 

An important duty of every scientific society should be the control, by precept 
and example, of the mania for collecting. Especially in the case of living things, 
due regard for the preservation of rarities must check wholesale destruction. It is 
pleasing to be able to record a great improvement in this respect achieved in recent 
years, largely through the influence of local societies. ‘The days when a rare plant 
or animal was ruthlessly slaughtered in the name of Science are past—even game- 
keepers (who are rarely members of our societies) are less promiscuous in their 
attacks on any creatures worth preserving. We are even beginning, with the 
inspiration of the Council for the Preservation of Rural England and the National 
Trust, to frown upon, rather than to condone, vandalism done in the sacred name 
of Mammon. 

But there yet remains ample scope for the training of collectors ; and almost 
every society is likely to include some members who can guide and counsel the 
uninitiated. Collection involves dissociation of the specimen from its natural en- 
vironment ; in the majority of cases that environment is one of the most informative 
features of the specimen. It cannot be brought away in substance, but it should 
always be recorded in writing with all possible detail. Paradoxical though it 
sounds, it is nevertheless true that a collection of specimens without adequate labels 
is less useful than a collection of labels without specimens. Every particular of the 
circumstances attending the collection of the specimen should be written down at 
the actual time and place—memories get blurred at the end of a day. Even details 
that seem irrelevant should be noted ; wider experience may show that just such 
points had the greatest significance. 

If all the material that clutters up our museums had been collected in accordance 
with that simple principle, its value for scientific research would have been enhanced 
a thousandfold ; the charnel-house would have been a biographical library. One 
battered fragment with a history is worth a score of ‘ plums’ without a label ; for 
there is more satisfaction in scientific circles over one poor specimen with particulars 
attached than over ninety-and-nine perfect examples that have no such accom- 
paniment. 

In the matter of collecting, the local society has no need to encourage an inborn 
instinct, but rather should guide and restrain. A collection made for a definite 
intellectual purpose is unlikely to lead to decimation of its materials. But the 
collecting of specimens is really a pandering to low instincts ; a far more important 
and fruitful activity is the collecting of facts. Except when they are needed to 
substantiate a record, or are required for intensive research, objects observed are 
often better left where they are. This policy of restraint does not apply to inanimate 
objects, which may be preserved by being taken under cover ; but in the case of 
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living things it is unusual, and surely unnecessary, to prove that one has met a friend 
by bringing his corpse home as a witness. 

In the matter of research, the greatest contribution (other than encouragement) 
that can be made by scientific societies comes from their ability to keep, check and 
publish records of transient phenomena. Every recurrent seasonal event in Nature 
invites, and often receives, accurate observation. Whether it be the first cuckoo or 
the last swallow, the flowering of the primrose or the ripening of the holly, it is apt 
for, and deserves, a permanent record. In such work the society, as distinct from 
the individual, has a special value ; for records without independent confirmation 
are of uncertain use. Moreover, a record, however well authenticated, of a single 
phenomenon gains immeasurably in importance when taken in conjunction with 
other records of contemporary events. The dates of appearance and disappearance 
of living creatures are shorn of half their significance without statistics of the weather 
for the season. The arrival of a migratory bird in any district may prove to be 
controlled by the appearance of a particular insect, and this again may depend on 
the growth of the insect’s food-plant, which may have been determined by the 
weather-conditions of the current or past season. The keeping of statistics thus 
becomes a matter of team-work ; ideally every Natural History society should include 
observers who keep accurate and unbroken records of data on every conceivable 
topic capable of such treatment. 

Accurate prophecy is always based on knowledge of past history correlated with 
a perception of the laws of cause and effect. Statistical records such as those indi- 
cated would provide the raw material of prophecy ; if such truly natural history of 
but a few decades were available, it would aid in forecasting just those tantalising 
mysteries that every farmer, and so every consumer, wants to know. Just as a 
straw shows the way of the wind, so some obscure animal or plant might, if its 
significance were realised, provide an answer to problems of immense practical 
importance. The most sophisticated social order depends ultimately on Nature, 
and common sense demands that the foundation of the social fabric should be studied. 
There is endless useful research awaiting the efforts of local observers in this indirect 
aspect of Man’s place in Nature. 

As regards geological and archeological studies, there can surely have been no 
period in the past more favourable than that in which we find ourselves to-day. 
For one reason or another, excavation is a dominant feature of our present activities ; 
and, however shallow it may be, every hole is likely to reveal something of interest. 
Modern methods of excavation are so speedy and mechanised that much of their 
revelations can be observed only by perpetual watching. Here the local society 
can find scope for important and urgent work. Every society should acquire a large- 
scale map of its area, and plot on it every site where a glimpse, however fleeting, of 
the subsoil has been possible. Pin-pricks on the map, with numbers written against 
them, to correspond with card-index entries giving all the particulars, would soon 
make the map a priceless record. Only accuracy and persistence are wanted to 
achieve results that could not fail to increase the knowledge that all local societies 
are nominally out to acquire. Probably most societies include one or more members 
with the business experience needed to keep the records in order, and every member 
could contribute to them directly or indirectly. The volume of local knowledge 
already stored in the minds of residents is impressive ; if that knowledge were to be 
methodically recorded, it would outlive its original possessors and so contribute to 
something more permanently satisfying than reminiscent causeries. 

The suggestions for activity outlined above may seem to be more concerned with 
the relation of scientific societies to Science than with their reaction on the com- 
munity at large. Such a view is not only narrow, but out of date. In the present 
critical times, statistics of the resources and character of the country are being 
feverishly compiled. There could surely be no better compilers than those residents 
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in any district who have trained themselves to observe facts and to tabulate them 
methodically. Such problems as the yield of springs and wells, the availability of 
road-metal, sand and gravel, the quality of the soil, the incidence of blight and the 
usefulness or otherwise of our fellow-inhabitants, are all of a nature that demand 
accurate observation on the spot. Many of them may involve elaborate technical 
study as well; but the first stage of all of them is within the capacity of any reliable 
observer. All who love their country (in both senses of the word) can find here 
congenial and valuable work that is needed urgently. 

The proportion of the population likely to join, and participate in, a scientific 
society is inevitably small ; but that is no reason why it should not serve as a leaven. 
The study of natural history produces a philosophic outlook that should supply a 
much-needed corrective to the world, and can mitigate the worst attacks of the flesh 
and the devil. The mere existence of a company of people declaring their interest 
in matters bigger than the squabbles of the political nursery, preferring to con- 
template wider problems and vistas than those of the daily headline, should be 
enough to ensure a nucleus of stability in the quicksands of opportunism. Science is 
a search after the truth ; its devotees should be sure of their gospel, and declare it 
in a world of falsehoods : Magna est veritas, et prevalebit. 


CONFERENCE OF DELEGATES OF CORRESPONDING 
SOCIETIES 


COMMUNICATIONS 


Dr. Murray Macgregor.—Preservation of geological sections. 


The value of preserving geological sections of outstanding or critical significance 
has long been recognised. They may illustrate unique episodes in geological 
history, they may represent landmarks in the progress of geological speculation, 
they may require reinterpretation in the light of modern research. For these and 
other reasons—historical, educational, and scientific—the question of their preserva- 
tion is undoubtedly an important and challenging one for geologists throughout 
the country. Moreover it is essential, in the opinion of the present writer, to include 
within its scope the preservation in a carefully documented and permanent form of 
geological records of all kinds. Machinery for dealing with borings for minerals 
already exists, but there remains a wide field not covered by any co-ordinated activity. 
Important geological data may often be obtained, for example, from temporary 
exposures in tunnelling and quarrying operations, sewerage schemes, housing and 
factory extensions, and the like. Examples of such records and of their value for 
purposes of research are given and the suggestion advanced that local geological 
and natural history societies should be invited to collaborate in this work, under 
the guidance of a central co-ordinating authority to which annual reports might 
be submitted. 


* * * 


Prof. W. T. Gordon.—The preparation of scientific papers for communication and 
publication. 
In a recent letter to the Secretaries of the Royal Society, Dr. C. G. Darwin voiced 


the dissatisfaction that prevails among scientists regarding the presentation of the 
results of research, and has suggested means of improvement. Devoting attention 
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to the type of research that is one term of a series, he worked out a rough time 
table, based on a twenty minute address, that an author should have in mind. 

The suggestions advanced here are directed more towards the presentation of 
descriptive or of biological papers, though not exclusively so, and are specially 
concerned with communication of the results of research to a general audience. 

The remarks are addressed to the Delegates of Corresponding Societies as the 
most appropriate body in the British Association, since the societies we represent 
usually possess relatively simple apparatus for demonstration purposes, and more 
detailed attention is therefore necessary if interest in scientific research is to be 
fostered. 

Under ‘ Presentation of Results,’ therefore, the construction of diagrams and 
lantern plates is discussed, and examples selected to indicate what should, and what 
should not, be attempted with an audience of 100 to 150 and a time allowance of 
about thirty minutes. 

In discussing the preparation of papers for publication, chief emphasis is 
laid on the illustrations, because most societies have rules that an author must 
observe concerning the letter-press. Assembling of illustrations into plates is 
considered with a view to secure not inartistic results. 

* * * 


Discussion on River pollution. 

Prof. F. G. Baily.—New legislation required for the prevention of river 

pollution. 

The story of river pollution begins with a Commission of Enquiry in 1868, and 
the Act of Parliament, 1876, still the main Act. The discharge of polluting material 
into a river is declared illegal, but many exceptions are allowed, resulting in 
another Commission in 1898, a Standing Committee in 1921 and an Advisory 
Committee (for Scotland only) in 1928 who are still reporting. Various Acts since 
1876 prohibit certain forms of pollution or protect certain rivers, but nothing effective 
has been achieved though the Commissions have strongly condemned the state of 
the rivers. 

A report of the Scottish Committee in 1936 recommended changes in the law. 
The Act of 1876 gives to local authorities the guardianship of rivers within their 
respective areas, but as domestic sewage is an important source of pollution for which 
they themselves are responsible, they can scarcely proceed against others. The 
Committee advocates a River Board for each watershed or group of small ones, 
similar to the Thames Conservancy Board, with the duty of preventing pollution ; 
and suggests standards of purity for effluents and for the rivers, with systematic 
a and testing, the ultimate control being with the Secretary of State for 

cotland. 


Sir Robert Robertson, K.B.E., F.R.S.—The work of the Water Pollution 
Research Board. 
1. Work of the Board and its terms of reference. 
2. Publications of the Board.—Annual reports and technical papers. 
3. Trade effluents : 
(a) Sugar-beet effluents. Re-use of water and purification of effluents. 
(b) Milk effluents. Purification according to two processes. 
4. River pollution.—Description of an intensive study of a river—the Tees—from 
hydrographical, chemical and biological aspects. 
5. Water supply.—Base-exchanging processes. Removal of lead. 
6. Sewage purification.—Basic information as to the mechanism of existing methods, 
e.g. the activated sludge process. Large-scale experiments. 
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Dr. R. W. Butcher.—The effects of river pollution on the freshwater flora. 


The effects of polluting effluents on water plants are very varied and may be 
divided roughly into three groups : 


(1) Organic effluents not directly toxic ; 
(2) Directly poisonous mineral and organic effluents ; 
(3) Non-poisonous mineral effluents. 


Organic effluents such as those from breweries, beet-sugar factories, milk factories, 
slaughter-houses, and principally sewage, when strong, cause a growth of sewage 
fungus only, and the deposit of a black foul silt which often smothers the flowering 
plants. They also deoxygenate the water. Weaker effluents increase the alga 
growth and, through them, the general productivity of a stream. 

The varied poisonous trade-effluents produce different reactions on the plants 
and animals. Those containing chlorine, for example, appear to kill both micro- 
scopic plants and fauna, though not the flowering plants. A copper works effluent 
was found to destroy all the animals but not the plants. Gasworks effluents are 
usually toxic to fish but do not change the flora. Arsenic apparently kills flowering 
plants easily but is not toxic to animals and alge. Rivers polluted by such poisonous 
effluents may appear healthy from the usual chemical analyses or from the general 
look of the river. 

Non-poisonous mineral effluents include coal washing, gravel washing, china 
clay and similar substances. They completely cut off the light from the river bed 
so that plants starve and die and, as a consequence of this, and also because of the 
continual deposit of fine silt on the bottom, the fauna is very sparse and fish must 
starve or migrate. Here again the oxygen content and lack of organic matter 
might indicate satisfactory conditions. 


Mr. W. Malloch.—River pollution and its effects upon freshwater fisheries. 

Our rivers, streams and watercourses form part of our great national resources. 
For centuries their use for primary purposes was recognised and respected. During 
the industrial revolution they became facile channels for the disposal of effluents 
and waste of all kinds. Noted salmon and trout rivers like the Clyde, Cart and 
Leven became open sewers. New forms of pollution arise whose effect is only 
ascertainable after the plant has been installed. The process of denuding our rivers 
of their valuable fauna continues unabated. The author has come across many 
examples of pollution. The most obvious are those which produce immediate 
mortality amongst fish, such as effluents from bleach works, gasworks, paper mills, 
distilleries, cheese factories, or from waste sheep dip, washing of fertiliser bags and 
potato-spraying implements. Others again, tarred road and mine washings, waste 
garage oil, diluted domestic sewage, etc., destroy insect life and the streams become 
uninhabitable for fish. The process is delayed but just as disastrous. There are 
other forms of pollution, less well known, where barriers of deoxygenated water are 
created, through which the migratory fish, salmon and sea trout, will not penetrate 
until freshening floods arrive. It is feasible to prescribe certain general rules and 
to set up representative River Boards for each district. 


SPECIAL SESSIONS ON JUTE 


Two special sessions on Jute were arranged to be held at the Dundee Meeting. 
Only the first of these took place but the papers then given, and those which should 
subsequently have been given, have been collected and published in The Journal of 
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the Textile Institute, September 1939, Vol. XXX, No. 9, pp. P273-P399. The authors 
and titles are as follows : 


Dr. S. G. Barker.—‘ The Science of Jute.’ 

Dr. W. G. Macmillan.—‘ Observations on the Swelling of Jute Fibres.’ 
Herbert L. Parsons.—‘ Chemistry in the Processing of Jute.’ 

D. Carter.—‘ The Dyeing of Jute.’ 

H. A. Elkin and W. A. S. White.—‘ Rot-proofing of Jute.’ 

R. S. Finlow, C.I.E.—‘ The Production of Jute.’ 

J. K. Eastham.—‘ Some Economic Problems of the Jute Industry.’ 
Alexander King.—‘ The Emulsification of Batching Oils.’ 


REPORTS OF RESEARCH COMMITTEES 
SECTION A (MATHEMATICAL AND PHYSICAL SCIENCES) 


SEISMOLOGICAL INVESTIGATIONS 


FORTY-FOURTH REPORT of the COMMITTEE on Seismological 
investigations (Dr. F. J. W. Wurppite, Chairman; Mr. J. J. SHaw, C.B.E., 
Secretary ; Miss E. F. Bettamy, Prof. P. G. H. Boswe.i, O.B.E., F.R.S., 
Dr. E. C. Buttarp, Dr. A. T. J. Dotiar, Dr. A. E. M. Geppes, O.B.E., 
Prof. G. R. Goipssproucn, F.R.S., Dr. Witrrep Hatt, Mr. J. S. Hucues, 
Dr. H. Jerrreys, F.R.S., Mr. Cosmo Jouns, Dr. A. W. Lez, Prof. E. A. MILNgE, 
M.B.E., F.R.S., Prof. H. H. PLasxett, F.R.S., Prof. H. C. Plummer, F.R.S., 
Prof. J. PRoupMAN, F.R.S., Dr. A. O. RANkKINE, O.B.E., F.R.S., Rev. C. Rey, S.J., 
Rev. J. P. Rowranp, S.J., Prof. R. A. Sampson, F.R.S., Dr. F. J. Scrase, 
Capt. H. Suaw, Sir Frank Smitu, K.C.B., C.B.E., Sec.R.S., Dr. R. STONELEY, 
F.R.S., Mr. E. Trttotson, Sir G. T. WALKER, C.S.I., F.R.S.). 


MEETING OF THE COMMITTEE. 


Tue Committee met once during the year, on October 28, 1938. The Annual 
Grant of £100 from the Caird Fund was allocated to the University Observatory, 
Oxford, for work on the International Seismological Summary. Expenditure on 
various objects from the Gray-Milne fund was authorised, the principal item being 
the purchase of a new seismograph, to be sent on loan to Fiji. It was announced 
that a gentleman, who wished to remain anonymous, had offered a donation to the 
Committee to cover, for some years, the payment of an honorarium to the keeper 
of the shock recorder at Dunira. The offer was gratefully accepted. 


Tue Gray-MILNE Funp. 


The accounts for the year are reproduced below. The income of the fund has 
gone down again, no dividend having been paid on preference shares by the Canadian 
Pacific Railway. 

Expenditure on the Milne Library includes the purchase of Practical Seismology, 
yd bn hg Leet, and of Earthquakes and other Earth Movements, by J. Milne and 

. W. Lee. 


|_| 
re 
1g 
a 
ts 
O- 
nt 
re 
1g 
al 
1a 
d 
1e 
st 
or 
S. 
ts 
d 
ly 
rs 
te | 
d 
fe 
e 
e 
d 


322 


The Tables of Geocentric Co-ordinates were referred to in last year’s report and were 
circulated in the autumn. 


Gray-Milne Fund. 


a 4. £ sd. 

Balance, July 1, 1938 - 204 710 Milne Library - 216 6 

Trust Income . 461410 Insurance 1S 0 
Bank Interest - ° ° 17 7 Tables of Geocentric Co- 
Donation @ ordinates (computing and 

printing) 6714 9 

Milne-Shaw Seismograph - 80 0 0 

Clock: 2910 0 

British Earthquake Inquiry 34 12 5 


Shock Recorder (installation 


and maintenance) - - 13 8 9 

Balance, July 10, 1939 - 73 210 

£302 0 3 £302 0 3 
SEISMOGRAPHS. 


In 1937 it was learned that the newly formed Seismological Committee of the 
Australian and New Zealand Association for the Advancement of Science was 
anxious for the installation of a modern seismograph in Fiji in place of the Milne 
instrument which had been in use for many years. This Committee, being aware 
of the great importance of additional seismographic stations in the Pacific, decided 
to obtain a Milne-Shaw seismograph for loan to the Fiji Government, if arrange- 
ments could be made for the operation of the instrument at Suva. The offer of the 
loan was duly accepted. The seismograph was despatched at the beginning of 
June 1939, together with a clock, a ‘ seconds regulator ’ of high precision, supplied 
by Mr. Shaw. ‘The records from the seismograph are to be forwarded to the 
Dominion Observatory, Wellington, New Zealand, for interpretation. 

It is of interest to note that Fiji is in a region which has assumed a new importance 
in seismological investigations with the development of knowledge of deep-focus 
earthquakes. In a paper published in 1937 on the depth and geographical dis- 
tribution of deep-focus earthquakes, by B. Gutenberg and C. F. Richter, the area 
immediately S.E. of Fiji is credited with 15 earthquakes with foci at depths of at least 
500 km., the total number of such earthquakes identified in the whole world being 
58. Of these 14 were in South America, 15 in the East Indies, and the other 14 near 
Japan. ‘The records from the new station will be a useful addition to the material 
for the study of the earthquakes of this very interesting class. 

The instrument at Suva is the seventh Milne-Shaw seismograph belonging to the 
British Association. The others are on loan to the seismological stations at Oxford 
(2), Edinburgh, Perth (W. Australia), and Cape Town (2). 

It is opportune to mention that a minor improvement has been introduced in 
the later Milne-Shaw seismographs. It will be remembered that in this type of 
instrument the magnification is obtained by a rotating mirror deflecting a beam 
of light. The mirror lever is coupled to the outer end of the pendulum by means 
of a very light coupler, whose iridium points rest in agate cups on lever and 
pendulum. When an earthquake occurs in the vicinity of the instrument and the 
movement is severe, the points are liable to be forced out of the cups and the seismo- 
graph is then put out of action until it is visited by the observer. This happened, 
for instance, with nearly all the seismographs in India on the occasion of the great 
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Behar earthquake. The difficulty has been met by surrounding the agates with 
light aluminium bands, which virtually make the shallow cups into deep ones. 

It has always been assumed that the free motion of the Milne-Shaw seismograph 
was in accordance with the mathematical theory of damped periodic motion and 
that the period could be determined by removing the damping magnets. In view 
of certain well-known observations made on Galitzin pendulums by Prince Galitzin 
and by M. A. Somville, it was desirable to test the Milne-Shaw. Dr. A. E. M. 
Geddes reports that he has been making observations with the instruments at Aber- 
deen, using the method developed by Dr. Lee at Kew Observatory. The agreement 
with the theory is very satisfactory. There is some indication that the period of 
the pendulum is slightly increased by the introduction of damping, but the effect is 
only of the order of the tenth of a second. Dr. Geddes suggests that the aluminium 
boom of the pendulum may be somewhat paramagnetic. 

The Jaggar shock recorder made for the Committee at Bristol under the supervision 
of Dr. C. F. Powell was installed at Dunira, in Perthshire, in September 1938. 
The Committee is indebted to Dr. A. T. Dollar for making all arrangements for the 
operation of the instrument, as well as to Mr. W. G. Macbeth for providing the site, 
and to Mr. R. White and his assistants for constant attention. As will be seen from 
Dr. Dollar’s summary, no fewer than six tremors, provisionally regarded as small 
local earthquakes, have been recorded. None of these tremors is known to have 
been felt by anyone. It was not expected that the shock recorder would respond to 
distant earthquakes, and, as a matter of fact, there were no disturbances recorded at 
Kew Observatory at any of the times of these tremors at Dunira. Three of the 
tremors occurred in the small hours of the morning, so it is unlikely that they were 
due to any human activity. 

In the remarks on the history of seismic disturbances in last year’s Report, it was 
stated in error that one of Forbes’s inverted pendulums was in the Royal Scottish 
Museum at Edinburgh. Actually the instrument in question is in the Natural 
Philosophy Museum of Edinburgh University. Prof. Barkla has kindly offered to 
have a photograph taken of this pioneer seismoscope. 


THE INTERNATIONAL SEISMOLOGICAL SUMMARY. 


Since the inauguration of the International Seismological Summary in 1922, it has 
been produced by the University Observatory, Oxford, with the assistance of the 
International Seismological Association, International Union for Geodesy and 
Geophysics, and of the British Association. The policy of the I.S.A. with regard to 
the Summary has been discussed at the triennial meetings, but there has been little 
opportunity for the discussion of technical details. ‘The appointment, by the 
President of the I.S.A., Captain N. H. Heck, of an Advisory Committee, to formulate 
the policy of the Association is therefore to be welcomed. The chairman of the 
Committee is Dr. S. W. Visser, who is well known for his work on the earthquakes 
of the East Indies, and, on the nomination of the Council of the British Association, 
Dr. Harold Jeffreys, F.R.S., has been appointed a member. Among the important 
matters which have to be considered before the meeting of the I.S.A. at Washington 
in September, are the adoption of geocentric co-ordinates in the calculation of 
distances and the introduction of new standard tables of reference. 

The Committee.—By the death of Sir Frank Dyson the Committee has lost one 
of the oldest members. He had served since 1912. His wise counsel was much 
appreciated by his colleagues on the Committee. 

During the year a considerable number of papers on seismology have been 
published by members of the Committee. 

Dr. H. Jeffreys has been active in the discussion of the transmission times of 
earthquake waves. He contributes a short account of his work to this report. He 
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has also contributed to the series ‘ Ergebnisse der Kosmischen Physik,’ an account of 
deep-focus earthquakes and their bearing on the theory of the mechanism of earth- 
quakes. In this memoir new views as to the nature of isostatic compensation are 
developed. 

Dr. R. Stoneley has discussed two double earthquakes and has also analysed the 
material provided by fifteen well-observed earthquakes to ascertain the extent to 
which Rayleigh waves and Love waves can be distinguished in the records. He 
finds significant differences in the relative frequency in different shocks and considers 
that these imply differences in the types of initial movement at the foci. 

Mr. E. Tillotson has reported the results of an examination of the seismograms 
for two earthquakes, with a view to the identification of the phases PcP and ScS, 
These waves, which are reflected by the earth’s core, are generally regarded as very 
difficult to detect, but Mr. Tillotson believes that he has traced them with great 
regularity and consistency. 

A book by Dr. A. W. Lee, Earthquakes and other Earth Movements, has been published 
by Messrs. Kegan Paul, Trench, Trubner & Co., as the seventh edition of the work 
by John Milne with the same title. The first edition appeared in 1883 and the 
sixth in 1913. The great advance in seismology in the last quarter of a century is 
illustrated by the extent to which rewriting was necessary. This advance is due in 
no small measure to the work inaugurated by Milne himself. A Geophysical Memoir, 
by Dr. Lee, on Seismology at Kew Observatory, has also been published during the 
year. In addition to a description of the installation of the instruments in the new 
seismograph house the memoir contains discussions of theoretical questions connected 
with the operation of Galitzin seismographs. 

Reports by Miss Bellamy on seismological work at the University Observatory, 
Oxford, and by Dr. Dollar on the activities of the ‘ British Earthquake Enquiry ’ are 
to be found below. 


NoTEs ON THE WorK AT OXFORD. 
By Miss Ethel F. Bellamy. 


Since the last British Association Seismological Report the following publications 
have been distributed : 


I.S.S. 1933. January to September. J. S. Hughes and Ethel F. Bellamy. 

Geocentric Direction Cosines of Seismological Observatories. L. J. Comrie and 
H. Jeffreys. 

Tables for Converting Geographic into Geocentric Angular Distances. K. Bullen. 

The Forty-third Seismological Report of the Committee. 


The last quarter (1933) of the J.S.S. is in print, and the manuscript is prepared to 
the end of April, 1934. 


It is still regrettable that stations do not send their seismological readings earlier. 
Many are more than five years in arrears. If stations would send manuscript copies 
instead of waiting to print, it would facilitate the work at Oxford considerably, since 
late readings frequently make it necessary to recompute an epicentre. Moreover, 
the absence of all returns from certain stations makes the /.S.S. incomplete. 

During the year two Mollweide Projection maps, centred on 160° longitude, 
have been prepared : one for deep-focus epicentres (Nature, Vol. 143, p. 504), and 
the other for all epicentres used in the /.S.S. 1913-33. Copies of these maps are 
being sent to Washington for the meeting of the International Union of Geodesy 
and Geophysics in September. It was made possible to use this projection through 
the courtesy of the American Museum of Natural History, New York. 

It has been our custom to issue a ‘ Catalogue of Earthquakes ’ at approximately 
five-yearly intervals. As this Catalogue is prepared on the completion of each year, 
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it has been decided to publish each year as a unit under the title, ‘ Index to the 
International Seismological Summary.’ It can then either be bound with the J.S.S. 
(as it is none other than an index to that publication) or allowed to accumulate for 
another five years. 

During the year Mr. R. E. Ockenden has given some valuable books to the 
John Milne Library and Dr. J. Coggin Brown has presented copies of his papers on 
Indian earthquakes : we are very grateful for these and other reprints received. 

A card index has been made of the John Milne Library, and this is now in course 
of preparation, with a view to having a catalogue printed for future distribution. 
Besides being a permanent record, this will be found useful for those wishing to use 
the Library. 


REPORT OF THE British EARTHQUAKE INQUIRY FOR THE YEAR 1938-39, 
By Dr. A. T. Dollar. 


During the year July 1, 1938, to June 30, 1939, a Jaggar Earthquake Shock 
Recorder was installed at Dunira, Comrie, two reports of minor British Isles earth 
tremors were investigated and additional material collected for the catalogue of 
British Earthquakes noticed between January 1, 1916, and October 1, 1935. In 
the latter connection useful information was extracted from files of the Scotsman for 
comparison with data obtained from other sources. 

Early in October 1939, the recording centre of the British Earthquake Inquiry 
will be moved from Emmanuel College, Cambridge, to the Geology Department, 
University of Glasgow, where Dr. Dollar will continue to assemble and analyse 
seismic information as at the former address. 

The 287 permanent voluntary reporters were increased by 34 during the year, 
but their general distribution in Great Britain, the Irish Free State and the Channel 
Islands has remained substantially the same. A campaign for increasing the number 
and representative character of reporters is being prepared and will be launched 
shortly. To this end further contacts have been made with the British Broadcasting 
Corporation and other bodies. The third edition of the questionnaire has proved 
satisfactory after being in use for nearly thirteen months. 


Seismic Data gathered between July 1, 1938, and June 30, 1939. 


Since July 1, 1938, information has been collected about the following tremors 
felt in the British Isles. It would seem likely that both of these were due to 
subterranean subsidences, possibly associated with mine-workings. No undoubted 
earthquakes have been reported. 


Subsidences and Mine-shakes. 


November 12, 1938. Brierley, Yorkshire. 
December 18, 1938. Porth, Glamorganshire. 


The Faggar Shock Recorder at Dunira, Comrie. 

Between September 14 and 15, 1938, Dr. Dollar installed at Dunira, Comrie, 
Perthshire, the Jaggar Earthquake Shock Recorder, which was made for the 
Committee at Bristol, under the supervision of Dr. C. F. Powell. 

Through the courtesy of Mr. W. G. Macbeth, of Dunira, the instrument was 
housed on his estate, and has been operated since that time by Mr. R. White, his 
head gardener. 

Three sites for the Recorder were considered, of which one was rejected on 
account of traffic vibration, and another because of the presence of fluctuating 
temperatures and humidities. 
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The small croquet house in which the instrument was finally erected, is situated 
at the point Long. 4° 2’ 41” W., Lat. 56° 23’ 19” N., in a quiet garden overlying 
metamorphic Highland rocks which are penetrated by igneous injections. The site 
is about 120 ft. due S. of the S.E. front of Dunira House, and nearly three miles 
N.N.W. of the Highland Boundary Fault system. The croquet house has a tiled 
roof, stone walls and a concrete floor. The walls are built against a thick dyke of 
fresh dolerite, and the north wall is in direct contact with this dyke. 

The house is dry, free of disturbances due to draughts, insects and small animals, 
and vibrations arising from human beings and road or railway traffic. Neither the 
temperature nor the humidity of the interior is subject to marked variation. 

The instrument stands in the N.W. corner of the building where it is screwed to 
four wooden plugs driven into solid dolerite through the thin N. wall. 

The pendulum oscillates in a vertical plane oriented N. 76° E. (Geog. bearing), 
and is adjusted to a period of nearly one second. Damping is provided by a metal 
fin dipping into a bath of oil. 

Initial difficulties were encountered in connection with the motion of the clock 
on its supporting rails, but these were overcome, and it was then regulated until the 
disk completed one revolution in thirty minutes. Arrangements were made that 
Mr. White should replace the smoked disks every twenty-four hours, fix the same 
and forward a group of them to Dr. Dollar at intervals of about one month. How- 
ever, since September 15, 1938, certain interruptions in the series of daily records 
have been caused by minor adjustments of the mechanism and also by the illnesses 
of Mr. White between November 2 and December 8, 1938, and from early in June 
1939 until the present date. On the disks received, numerous small tremors were 
recorded but of these only six were of sufficient magnitude to be of interest. Their 
dates and times were as follows : 


1938 October 15 14h. 51m. G.M.T. 
1938 November 12 17h. 59m. - 
1939 January 23 2h. 16m. - 


1939 May 26 9h. 54m. a 
1939 May 31 2h. 12m. 
1939 June 11 Sh. 16m. 


If the instrument is maintained at Dunira in future, regular personal super- 
vision of its operation will be simplified by the presence of Dr. Dollar at Glasgow. 

Thanks are due to Mr. Macbeth for the generous hospitality and assistance which 
he extended to Dr. Dollar during the installation of the Recorder. 


TRANSMISSION TIMES. 
By Dr. Harold Jeffreys, F.R.S. 


The work on the Japanese deep-focus earthquakes, mentioned in last year’s 
Report, has been completed. It led to the result that the time-curves for P and § 
near 20° agree best with the hypothesis of an increase of velocity with depth suffi- 
ciently rapid to produce a loop in the time-curve, but not amounting to a definite 
discontinuity. The data for S at short distances led to a satisfactory determination 
of its times, corresponding to distances up to 20° in normal earthquakes. These 
earthquakes were used to reconstruct the S and SKS times completely, and pP and 
sS were used to give a new datum about the thicknesses of the upper layers, which 
replaces the less satisfactory one derived from near earthquakes. The present 
estimates are 15 +- 3 km. for the upper layer ; 18 + 4 km. for the intermediate one. 

These results have made it possible to adapt all phases to a surface focus, with an 
uncertainty under a second. Some supplementary information from normal earth- 
quakes was used to extend the S and SKS tables. At this stage it appeared worth 
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while to calculate the velocity distributions. Times of reflexions at the core, given 
by Scrase, Stechschulte, and Gutenberg and Richter, have been used to find the 
radius of the core, which is 3473 +4 km. This result being combined with the 
times of PK P and SKS, times in the core itself were found and the velocity calculated 
for radii down to 0°40 of the core radius. At that point there is a new complication, 
since the opinion of Lehmann, Gutenberg and Richter, that what has been considered 
to be diffracted PKP at distances less than 142°, is really reflected or strongly re- 
fracted at an inner core, seems to be thoroughly substantiated. This complication 
prevents the solution from being taken to greater depths without some further 
assumption. ‘That of reflexion has been adopted ; on it the velocity must fall a 
little with depth between radii 0°40 and 0°36 of the radius of the core, then again 
rising suddenly when the inner core is entered. The velocity of the inner core is 
nearly uniform. 

Times have been worked out for all the principal core phases, and it is suggested 
that the results may now be generally adopted as a standard of comparison. Means 
are provided for correcting for focal depth in all cases. 


REAPPOINTMENT OF THE COMMITTEE. 


The Committee asks for reappointment and for the renewal of the grant of 
£100 from the Caird Fund. 


MATHEMATICAL TABLES 


REPORT of COMMITTEE on Calculation of Mathematical Tables 
(Prof. E. H. Nevitte, Chairman ; Dr. A. J. THompson, Vice-Chairman ; Dr. J. 
WisHaArT, Secretary ; Dr. W. G. Bicxuey, Prof. R. A. FisHer, F.R.S., Dr. J. 
HeEnperson, Dr. E. L. Ince, Dr. J. O. IRwin, Dr. J. C. P. Mitier, Mr. FRANK 
Rossins, Mr. D. H. SapLer, Mr. F. Sanpon, Mr. W. L. Stevens, Dr. J. F. 
and Mr. M. V. WiLkgs). 


General activity.—Eight meetings of the Committee have been held, in London. 
The grant of £200 has been expended as follows : 


s. d. 
Wages and insurance of computer . 15614 8 
Calculations for Bessel functions of order greater than one . a Ss 
Calculations for Airy Integrals. 5 0 0 
Provision of table and chair : 415 0 
Secretarial and miscellaneous expenses . 810 4 


Personnel.—During the year two members have been added to the Committee 
in the persons of Mr. F. Sandon and Mr. M. V. Wilkes. The Committee was glad 
to welcome to certain of its meetings Prof. D. H. Lehmer, of the University of Lehigh, 
Pa., U.S.A., who has taken a great deal of interest in the work of the Committee 
during his stay in this country. 

Cambridge Meeting, 1938.—A group of papers, on problems related to the produc- 
tion of mathematical tables, was given by Dr. Bickley, Dr. Miller and Dr. Thompson 
in Section A, Department of Mathematics, and the Committee’s National machine, 
after certain preliminary difficulties of organisation, was successfully demonstrated, 
as part of a general exhibition of calculating machines. A talk on the machine was 
given by Mr. D. H. Sadler, while the Committee’s computer, Mr. H. O. Hartley, 
was in attendance throughout the meeting to give demonstrations. 
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Employment of computers—Mr. H. O. Hartley, who was appointed to the post of 
computer on June 13, 1938, resigned on September 10, 1938. He was succeeded by 
Mrs. R. St. H. Tysser, who commenced work on October 10, 1938. Her work is 
mainly on the National machine, but one of the Committee’s Brunsviga machines is 
now housed in the Galton Laboratory, being required for ancillary calculations. The 
Committee desires to record its indebtedness to Prof. R. A. Fisher for kindly placing 
facilities for the accommodation of computer and machines in the Galton Laboratory 
at its disposal, and for allowing the Committee to meet on the premises. The 
Committee has acquired a table and chair for the use of its computer. The other two 
calculating machines are in the charge of Dr. Thompson and Dr. Miller, and have 
been fully used. The voluntary services of Mr. C. E. Gwyther are again acknow- 
ledged with gratitude, and the Committee records its appreciation of the continued 
facilities offered by the Mathematical Laboratory of the University of Liverpool for 
computations carried out under Dr. Miller’s direction. 


Bessel Functions.— 


Y,(x). The calculations of Y,(x) are now completed for n = 0(1)21,x* = 
0-0(0-1)21-0 to 13 figures, and »,(x) = x"Y,(x) is also complete to 
13 figures as far as required for tabulation. Part of the »,(x) table 
will require interpolation to interval 0-01. 


I,(x). The following material is ready for National Machine operations : 
t,(x) = x"l,(x), n = 2(1)10, x = 0-0(0-1)5-0, to be differenced, then 
interpolated to interval 0-01 and copy prepared ; 


t,(x) 11(1)20,x =0-0(0-1)5-0, 
n= 6(1)10, x = 5-0(0-1)10-0, 
n = 11(1)15, x = 5-0(0-1)10-0, 
n = 16(1)20, x = 5-0(0-1)15-0, 
to be checked and copy prepared. 


The multiplications involved in calculating a second auxiliary 
function e~*/,,(x) to 11 significant figures are now being carried out for 
(i) x = 15-0(0-1)20-0, n = 2(1)20, (ii) x = 10-0(0-1)15-0, n = 2(1)15, 
(ili) x = 5-0(0-1)10-0, n = 2(1)5. The National Machine will then 
check and make copy. 


K,(x). The calculations to 12 or 13 figures for n = 0(1)20 and x = 0-0(0-1)18-5 
have now been completed, and for x = 18-5(0-1)20-5 are in progress. 
The auxiliary functions (i) ky(x) = x"K,,(x), (ii) e*K,(x), for x > 5-0 
are now being prepared. 


Zeros of 7,(x), n > 1, x>>25, have been computed to 12 decimals by inverse 
interpolation, and also larger zeros of 7,(x) and 7,(x) by use of the McMahon 
formula. The Committee is indebted to Mr. S. Johnston for the calculation of these 
zeros. 

Table of Powers—The scope of this table, referred to in previous Reports, has been 
extended to include the powers x” for 


x= 250to 299, n= 13 to 20; 
x = 1050 to 1099,n= 2tol2; 


and a paging scheme for the tabular matter has been prepared. The extra values 
have been computed and checked, and the copy prepared by summation on the 
National machine. The complete copy of the Tables is now ready, and the prepara- 
tion of the Introduction is in hand. 
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Airy Integral—Some delay has arisen in the preparation of this table, owing to 
computational difficulties in connection with certain auxiliary functions ; most of 
these have now been overcome. The first fifty zeros of Az(x) and Ai’(x), with cor- 
responding values of Ai’(x) and Az(x), have been computed. At the suggestion 
of Dr. H. Jeffreys, a table of the second solution Bi(x) of the differential equation 
y’ = xy has been prepared for inclusion in the part-volume, covering the range 
x= — 10-0(0-1)+2-5, to 8 decimal places. 

Legendre Functions.—Tables of these functions were prepared some years ago under 
the supervision of Dr. Comrie while he was Secretary of the Committee. As im- 
plied in earlier Reports, difficulties were encountered in printing ; Dr. Thompson 
has added during the year the values of Pj9(x), P3,(x) and P,,.(x) for the range 
x = 0:00(0-01)1-00, and the tables are now being published as a part-volume 
under his editorship. 

Sheppard Tables—The Committee’s seventh volume, containing certain tables 
of the probability integral computed by the late Dr. W. F. Sheppard, and completed 
by the Committee, has now been published under the editorship of Dr. Irwin. In 
issuing this volume the Committee believes that the completion and publication of 
his tables of the probability integral constitute just that memorial to Sheppard’s 
labours in the field of mathematical statistics which he would himself most greatly 
have appreciated. 

Glaisher’s Tables—The Cambridge Philosophical Society has for long had in its 
possession certain tables in the theory of numbers, computed by Glaisher in 1882, 
and destined at that time for the Transactions, now no longer published. The 
main table gives, for n = 1(1)10000, (a) the prime factors of n, (b) the number 
of numbers not exceeding and prime to n, (c) the number of divisors of n, and (d) 
the sum of the divisors of n. Three inverse tables give the values of n, up to 3000, 
corresponding to (b), (c) and (d), of the main table as arguments. ‘The Society has 
now requested the Committee to take over the tables for completion and publication, 
and this, in view of the recommendations made as to the value of these tables to 
workers in the theory of numbers, the Committee agreed to do. Most of the material 
already exists in the form of stereo plates. Authority has been obtained to proceed 
with the publication, as one of the Committee’s series of volumes, the cost to be met 
out of the Cunningham Bequest. Prof. D. H. Lehmer has given the Committee 
considerable assistance in planning the work, and in devising checks to be employed 
to ensure that the tables are accurate, and he has written an introduction to the 
Tables. The work is proceeding under the editorship of Dr. Wishart. The main 
table has been completely checked, and the inverse tables have been extended as far 
as the main table will carry them in a complete form. 

Miscellaneous.—The Committee has remained in touch with the project for the 
computation of mathematical tables, which is being conducted by the Works Progress 
Administration for the City of New York, and information has been exchanged 
relating to the work in progress on both sides of the Atlantic. A number of inquiries 
has been dealt with on questions relating to the availability of mathematical tables 
of one sort or another. The Committee has made arrangements to preserve manu- 
scripts of unpublished computations in such a form as to be intelligible if occasion 
for their use should arise in the future. 

Reappointment—The Committee desires reappointment, with the addition of 
Prof. L. M. Milne-Thomson, and with a grant for general purposes of £200. 
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SECTIONS A (MATHEMATICAL AND PHYSICAL SCIENCES) 
AND C (GEOLOGY) 


THERMAL CONDUCTIVITIES OF ROCKS 


REPORT of COMMITTEE appointed to direct determination of the thermal 
conductivities of rocks in mines or borings where the temperature gradient has 
been, or is likely to be, measured (Dr. EzeErR Grirritus, F.R.S., Chairman ; 
Dr. D. W. Secretary; Dr. E. M. ANpEerson, Dr. E. C. Buarp, 
Prof. W. G. Frarnsipes, F.R.S., Prof. G. Hicxuine, F.R.S., Prof. A. Hoxmgs, 
Dr. HAROLD JEFFREYS, F.R.S., Dr. J. H. J. Pooe). 


Dr. BENFIELD has made measurements on the thermal conductivity of specimens 
of rock taken from the cores of borings at Hankham in Sussex, at Holford in Cheshire 
and at Boreland in Fife. Temperature measurements are available for the first 
two holes, and it is hoped to obtain them for the third when drilling is completed. 
The conductivities obtained at Boreland can be combined with the temperature 
measurements made by the former B.A. Committee in other holes in similar strata. 
A paper describing this work has been submitted to the Royal Society. In this 
paper heat flows for 5 bores are deduced, the mean is 0:98 x 10-* cal/cm?sec. This 
is probably some 30 per cent. less than the equilibrium value owing to the effect of 
the Ice Age. 

Dr. Bullard, working at the Bernard Price Institute in Johannesburg, has made 
conductivity observations on 49 rock specimens taken from the cores of deep bores 
in South Africa. Numerous temperature measurements have been made by 
Dr. Krige, of the South African Geological Survey, and by Mr. Weiss. These 
measurements are extremely detailed, as many as 25 temperatures having been taken 
at different depths in a single hole. The exceptional number and quality of the 
temperature measurements suggested that these bores provided an opportunity to 
test the methods by which the heat flow is obtained and to investigate possible sources 
of error. The results of these investigations were :— 

1. That the divided bar method applied to rocks gives conductivities with an 
accuracy of about 5 per cent. This accuracy is estimated from the agreement 
obtained with three specimens made from the same sample. The errors are largely 
random, and are reduced by taking the mean of a number of samples. 

2. That the conductivity of the rocks in a bore hole varies by considerably more 
than the errors of measurement, even in apparently homogeneous rocks. For 
example, specimens made from a bore traversing 4,000 ft. of Transvaal Dolomite 
gave conductivities varying from 0-0096 to 0:0120 cal/cm. °C. sec. 

3. If holes in Dolomite are excluded the measured heat flow does not vary with 
depth by more than a few per cent. What variation there is can be accounted for 
by the uncertainty in the mean conductivity due to the limited number of samples 
studied. This is a valuable confirmation of the satisfactoriness of the temperature 
and the conductivity measurements. The variation in Dolomite is probably due to 
the circulation of water in fissures. 

4. The heat flow varies between different bores by amounts of the order of 30 per 
cent. Variations of this order are to be expected, due to the disturbance of the heat 
flow by geological structures. 

The mean heat flow obtained in this work is 1-16 + 0-09 x 10-§ cal/cm?sec, the 
standard error being derived from the differences between the bores. The differences 
between the bores are almost entirely real differences, the experimental errors only 
making a relatively small contribution. 

The heat flows in England and South Africa are therefore equal within the un- 
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certainties produced by the variation between individual bores. This is a striking 
result since in most of the English bores the temperature increases by 1° C. for every 
100 ft. increase of depth, whilst on the Rand the increase is 1° C. for about 350 ft. 
The Witwatersrand quartzites are much better conductors of heat than the shales and 
mudstones traversed by the bores in which most of the temperature measurements 
in Great Britain have been made ; and the heat flow, which is the product of the 
temperature gradient and the conductivity, is the same in both places. 

Dr. Krige is continuing his temperature measurements in bores in South Africa, 
and Dr. Cooper is making conductivity determinations on samples from the cores. 
Two instruments for this purpose were left in Johannesburg by Dr. Bullard. One of 
these uses circular specimens 13? in. in diameter (the same diameter as most of the 
cores), and the other semicircular specimens. ‘The latter is used when the core 
has been split for assay. 

Pieces of core from Persia have been received from the Anglo-Iranian Oil Co. ; it 
is hoped that it will be possible to measure the conductivities during the next year. 

Fig. 1 gives a summary of the conductivities measured during the year ; the line 
marked ‘ shale’ includes mudstones, ‘ fakes,’ marl and fireclay. The ‘lava’ is 
Ventersdorp. 


ROCK SALT 
IMPURE LIMESTONE 
DOLOMITE 
GRANITE e 
DOLERITE 
LAVA 


‘00 02 ‘04 ‘06 ‘08 10 ‘2 4 16 18 ‘20 


Fic. 1.—Thermal conductivities measured during the year 1938-9 in cal/cm® C. sec. 


SECTIONS A (MATHEMATICAL AND PHYSICAL SCIENCES) 
AND J (PSYCHOLOGY) 


QUANTITATIVE ESTIMATES OF SENSORY EVENTS 


FINAL REPORT of the COMMITTEE appointed to consider and report 
upon the possibility of Quantitative Estimates of Sensory Events (Prof. A. 
FEercuson, Chairman; Dr. C. S. Myers, F.R.S., Vice-Chairman; Mr. R. J. 
BarTLeTT, Secretary ; Dr. H. Banister, Prof. F. C. Bartiett, F.R.S., Dr. WM. 
Brown, Dr. N. R. Campse.t, Mr. K. J. W. Craik, Prof. J. Drever, Mr. J. 
Guitp, Dr. R. A. Houstroun, Dr. J. O. Irwin, Dr. G. W. C. Kaye, O.B.E., Dr. 
S. J. F. Pamtpott, Dr. L. F. Ricuarpson, F.R.S., Dr. J. H. SHaxsy, Mr. T. 
Situ, F.R.S., Dr. R. H. THoutess, Dr. W. S. Tucker, O.B.E.). 


Tue Committee was originally appointed at York in 1932 after Sections A and J 
had held a joint session dealing with the problem. It has been reappointed each 
year since, and after presenting brief interim reports in the earlier years was able 
to make a long interim report last year (Report, 1938, pp. 277-334). This report 
contains (a) an historical statement ; (b) a summary of recent experimental work ; 
(c) a statement arguing that sensation intensities are not measurable ; (d) various 
notes on this statement, and (e) a statement arguing that sensation intensities are 
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measurable. It concluded by ‘ asking for reappointment to consider whether the 
views put forward are, or are not, irreconcilable.’ 

After the last reappointment the Committee met on two occasions, discussed 
various attempts to secure agreed conclusions, and appointed a Sub-Committee con- 
sisting of Prof. Ferguson (Chairman) ; Dr. N. R. Campbell, Mr. K. J. W. Craik, 
Dr. J. O. Irwin and Mr. R. J. Bartlett (Secretary) ; to prepare a draft report in the 
light of these discussions. This Sub-Committee met on four occasions, and its draft 
was considered by the full Committee at a third meeting held on June 1, when it 
was agreed to report as follows : 


1. In their early discussions the Committee found themselves unable to agree on 
the meaning of such terms as ‘ measurement’ or ‘ quantitative estimate.’ Some 
members held that such terms should not be used in any sense other than that in which 
they are used in physics. Others held that, if such terms were to be used in any but 
the physical sense, the other sense should be first defined ; any attempt at definition 
was found to raise questions on which the Committee differed. 

The Committee have found it possible eventually to state their conclusions in 
terms that all of them could accept ; but in doing so they }2ve had to ignore the 
wording of their terms of reference. They believe that the problems they discuss 
in this report are indeed those on which their opinion was invited ; but they feel 
that they must open by stating in their own words what these problems are. 

2. They believe that these may be suitably illustrated by the problems of 
describing and interpreting experiments on just perceptive differences (j.p.d.) and 
on equal appearing intervals (e.a.i.). One form of each of these experiments will 
be described briefly. 

In one form of j.p.d. experiment a subject is presented with a stimulus A and told 
to choose another, B, just perceptibly different from it. He is then ‘presented with C 
and told to choose another, D, just perceptibly different from it in the same direction, 
and so on. 

In one form of e.a.i. experiment the subject is presented with three stimuli, 
P, Q,R, and told to choose another, S, such that the difference between R and S 
appears to him to be equal to the difference between P and Q. 

3. The Committee agree that the consistency between the choice’ of a single 
observer or even between those of different observers, in suitable circunistances, 1s 
so great, both in j.p.d. and in e.a.i. experiments, that these choices represen? scientific 
facts in the most complete sense. Any difference between members of the Committee 
concerns only the exact extent of the facts or the way in which they are most appro- 
priately expressed. Accordingly it is unnecessary here to inquire more precisely 
into what are the ‘ suitable circumstances’ in which the admitted consistency can 
be obtained. 

4. The stimuli are often (perhaps always) physical magnitudes that can be 
measured by recognised physical methods, whose validity is not in dout. Thus 
they may be brightnesses of a surface or intensities of a note of given pitch. Then 
the results can be expressed, at least partially, as follows. + 

In a j.p.d. experiment, let I be the numerical value of one of the jpresented 
stimuli and I’ that of the stimulus chosen as just perceptibly different from it, Then 
we can plot I’ against I, or, if we prefer, 81(= I’ — I). It is agreed that the elation 
of I’ or 8I to I is (in suitable circumstances) so smooth that if I’ (or 81) anc! I were 
numerals resulting from a physical experiment any competent physicist would feel 
justified in drawing a smooth curve through them and asserting that he haid estab- 
lished a numerical law. ; 

Weber’s Law states that this smooth curve is a straight line which if produced 
would pass through the common origin of 8I and I, so that 8I = AI, ancl I’ = 


(k +1)I. Itis agreed that there are circumstances in which this is true for a liniié4_ 
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range of stimuli; but they are not universal ; in some circumstances some other 
smooth curve is indicated. 

In e.a.i. experiments, let p, g, r, 5, be the values of a set of stimuli P, Q, R, S. 
Then we can seek in an analogous manner a ‘ smooth relation’ between 9, q, 1, 5. 
But it is not likely to be found unless it is simple. 

Fechner’s Law states that p/g =r/s. It is agreed that there are circumstances 
in which this is true ; but they are not universal ; in some circumstances no simple 
relation can be found ; in others it can be found, but is not exactly that of Fechner. 

When both Weber’s Law and Fechner’s Law are true, certain logical consequences 
can be deduced from their combination. It has been pointed out to the Committee 
that one of these consequences is that all equal appearing intervals contain the same 
number of just perceptible differences ; the Committee agree that this is a logical 
deduction from the two laws. 

5. The relation between 8I and I (or between fp, g, r, s) can be transformed as 
any algebraical or graphical relation can be transformed. ‘Thus, when a relation 
§I = f(I) has been established, algebraically or graphically, it is always possible to 
du 
1, 
L and J. But such transformations neither add to nor subtract from the facts ex- 
pressed by the relation between 8I and I. They are of the same nature as the sub- 
stitution of 8I for I’ in the original statement of the facts. 

6. So far there is no dispute. But now the question arises whether the proposi- 
tions of §§ 4, 5 express the facts fully. 

It is said by some that they do not express the facts fully, because they do not 
introduce the conception of the intensity of a sensation, that is to say, something 
about a sensation that might be, and perhaps must be, represented by a numeral. 
These persons say that sensations have a quantitative aspect that demands expression 
in terms of such a conception. 

7. This view will be illustrated by two extreme examples of it. 

Fechner professed to prove that, in a j.p.d. experiment, the integral L is the true 
and necessary measure of the intensity of the sensation excited by stimulus I, so that 
the curve (or algebraic equation) relating I and L states a relation between the 
value of the stimulus and the intensity of the sensation excited by it. The Com- 
mittee agree that his ‘ proof’ is fallacious, and that no numerical relation between 
the value of the stimulus and the intensity of the sensation can be deduced logically 
from the equation 81 = f(I). But the admission that Fechner was guilty of a 
logical error does not imply that his conclusion, namely that L is the true and neces- 
etd measure of the intensity of the sensation evoked by stimulus I, is necessarily 
alse. 

Again if, in an e.a.i. experiment, the subject is told and agrees that numerals 
(say 1, 10, 50) are to be assigned to the intensities of the sensations excited by stimuli 
P, Q,R, it is said that he cannot describe his experience fully by merely choosing S, 
as described in § 2 ; in order to describe it fully he must assign some numeral to the 
intensity of the sensation evoked by S. Thus he may assign the numeral 59 and deny 
positively that the assignment of 51 would describe his experience. 

It must be emphasised that this view, and especially as illustrated by the second 
example, is extreme, and that it is not entertained by all (or perhaps even most) of 
those who maintain that there is a quantitative aspect of sensation which is not 
expressed in §§ 4, 5. 

8. Others hold a view that is extreme in the opposite direction. While they do 
not, of course, deny that subjects of psycho-physical experiments do experience what 
they say they experience, these persons consider that there is here a confusion between 
sensations and intellectual judgments, which are, in their opinion, false judgments. 
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They hold that the experience that there is something quantitative about sensations 
arises from the universal familiarity with physically measurable series, such as lengths 
or weights, and from the drawing of a false analogy between a series of sensations 
and one of these physically measurable series. ‘They consider further that this 
tendency (namely to assume that, because sensations can be ordered in a series and 
relations between them recognised, sensations are measurable) is encouraged by the 
use of the word ‘ difference’ in instructing the subject ; he is thereby invited to 
associate the relation he is asked to observe with arithmetical difference, and there- 
fore to associate numerals with his sensations. They say that, if the facts about 
sensations are to be discovered, the greatest care must be taken to avoid such associa- 
tions ; and that if sufficient care were taken, it would be found that the only quanti- 
tative conceptions required to describe the facts fully are those appertaining to 
stimuli ; for sensations, the non-quantitative conceptions of order and relation would 
suffice. 

9. An intermediate view is entertained by yet others. ‘These persons, while they 
cannot accept the extreme views expressed in § 7, hold that a numerical scale of 
sensation intensities is required to express the regularity with which observers can 
bisect intervals of sensation intensity, and equate liminal or supraliminal intervals 
at different intensities. ‘They consider that knowledge of physical magnitudes is 
not the basis of these judgments of equality and difference. ‘They do not agree that 
the results of any psycho-physical experiment can be expressed fully in terms of 
stimulus intensities, since the particular intensity-changes or 8I’s which are being 
plotted are obtained only by reference to the sensations they evoke, and are based 
on the equality or inequality of these sensation intensities. ‘This appears to them to 
show a relation between sensation intensities which demands numerical expression ; 
it does not seem merely a ‘ fact of psychological interest ’ irrelevant to the quantita- 
tive expression of the data. They would admit that manipulation of sensation 
scales by those unused to them might lead to fallacious inferences, but consider 
that many physical scales are open to the same criticism ; it appears to indicate only 
the need for caution and understanding in using a scale, not the fallaciousness of the 
scale itself. 

10. After examining these points of view the Committee are satisfied that no 
practicable amount of discussion would enable them to express an agreed opinion 
concerning these views. Some members, perhaps all, admit that their opinion might 
change if new facts were established ; but the facts that would be necessary for this 
purpose are not of the kind that can be established by any experimental method at 
present in general use. Accordingly the Committee abandoned their efforts to reach 
complete agreement, and invited any members who cared to do so to express their 
individual views more fully in statements to be appended to this agreed report. 
These statements, on which it is to be understood the Committee as a whole express 
no opinion, are grouped as follows : 


Appendix I. On the Sone Scale. 

Appendix II. On Measurement. 

Appendix III. In defence of the Measurability of Sensation Intensity. 
Appendix IV. In denial of the Measurability of Sensation Intensity. 
Appendix V. On Mathematical Transformations and Sensation. 


11. The word measurement does not appear in the Committee’s terms of reference, 
but has figured largely in the Committee’s discussions. Had a definition of measure- 
ment been found that gave satisfaction to all its members the task of the Committee 
might have been less recalcitrant and Appendix II need not have been written. 

It is doubtful if its terms of reference would entitle the Committee to embark 
upon a discussion of the problem even if there were time at its disposal, but it would 
place on record that some members of the Committee are of opinion that the problem 
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of what constitutes valid measurement might with advantage be explored by a Com- 
mittee covering a wider range of sections than the two more immediately concerned 
with this present report. Other members, however, are of opinion that no useful 
purpose could be served by such a Committee. 


AppENpDIx I. 
ON THE SONE SCALE. 


The Sub-Committee was of opinion that the position would be made clearer if 
the points of view expressed in §§ 7, 8 and 9 were illustrated by reference to some 
definite proposal for establishing a numerical scale of sensation intensities. They 
chose for this purpose the Sone scale of loudness as expounded in Hearing : Its 
Psychology and Physiology, by Stevens and Davis, and divided between themselves 
the task of setting out the three points of view. 

The Committee, while agreeing that such illustration was of assistance, decided 
that it would be best for the results of this section of the work of the Sub-Committee 
to appear in the Appendix as signed contributions. 

A brief statement of the Sone scale is followed by three sections setting out the 
work of the Sub-Committee, and an additional contribution on the Sone scale from 
another member of the Committee. 


A. By Mr. K. J. W. Craik. 


The Sone scale is based on the following three methods of subjective estimation : 

(1) Fractionation of loudness, i.e. adjustment of one tone till it sounds half, or 
one-tenth, as loud as another. 

(2) Comparison of monaural and binaural loudness. A tone presented first to 
both ears and then to one appears to the observer to be half as loud in the second 
case, ‘ half’ having the same meaning as in judgments of fractionation. 

(3) A similar judgment of ‘ half as loud ’ can be obtained by presenting two tones 
of widely different frequencies in one ear, and then presenting one of the tones alone. 

The curves shown in Fig. 41 of Stevens and Davis can then be drawn, showing 
as ordinate the intensity in db. of a tone, T,, which sounds half or one-tenth as loud 
as another tone, T,, whose intensity in db. is given by the abscissa. ‘Then (to quote 
Stevens and Davis, p. 117) : ‘ From the data in Fig. 41 we can proceed graphically 
to define an intensive loudness function satisfying the criteria laid down for an 
acceptable loudness scale. . . . This function is the one whose value at any given 
intensity is proportional to the subjective loudness produced by a tone of that 
intensity. First, we fit a curve to the data obtained by the “ halving procedures,” 
giving special weight to the points determined by the monaural-binaural method. 
Then we assign the arbitrary number | to the intensity of 40 db. above threshold 
and read on the ordinate scale the intensity of the tone which sounds half as loud, 
and which, therefore, receives the number 0:5. After repeating this procedure 
both above and below our starting-point at 40 db., we can plot the function for the 
1,000-cycle tone, as shown in Fig. 43. This function, then, satisfies the criterion 
that any value N stands for a tone which appears to a normal observer half as loud 
as that represented by the number 2N—at least within the limits of experimental 
error. Had we used, in an analogous manner, the curve in Fig. 41 representing 
a tenfold reduction, we should have obtained a very similar function.’ The loudness 
to which the number | was arbitrarily assigned is called a ‘ sone.’ } 


1 The figures in this Appendix are reproduced from Hearing, by Stevens and Davis, by permission 
of the authors and of the publishers, Messrs. John Wiley & Sons, Inc., New York. 
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B. By Mr. R. F. Bartlett. 

From the point of view illustrated in § 7, the setting of the Sone scale would seem 
to be as follows : 

‘ Measurements ’ have been sought because of the existence of a factor in hearing 
experience commonly referred to as the loudness of the noise. This loudness is 
sensed as quantitative and can be differentiated from qualitative differences by 
which the nature of the source of the noise is differentiated. We thus reach the idea 
of quantity (or amount, or intensity, or value) of noise. 

To facilitate comparison of this quantitative factor in various noises we need a 
scale, and such a scale can be built up by an additive process made possible by the 
fact that we have two ears and the loudness of noise from a given source appears to 
be halved when we close one ear. 

If we obtain two sounds such that the one (A) heard monaurally is sensed as of 
identical loudness with the other (B) heard binaurally, then, on the assumption that 
the effects of the stimulation of the two ears are truly additive so far as experience of 
loudness of noise is concerned, the noise B will be half as loud (or great or intense) 
as noise A, and it becomes possible to build up a series of sources of sound the 
noises from which constitute a scale by which loudness may be measured. A suitable 
unit may then be agreed upon and named the ‘ Sone.’ 

The task outlined is a purely empirical one and is independent of ability or lack 
of ability to measure the energy content of the sound disturbance that is the external 
‘cause’ of the hearing experience. If, however, that energy content can be 
measured, the relation of these ‘ physical ’ measurements to the already determined 
loudness measurements becomes of interest and will probably be of assistance in the 
construction of loudness scales of greater accuracy, but this relation to the measure- 
ment of the physical basis of the stimulus is of secondary interest and importance 
in the solution of the original task—that of measuring the loudness of a noise. 

Further, the additive property of binaural hearing is not essential to the argument. 
A scale can equally well be built up by the use of an e.a.i. or j.p.d. method in which 
the subject passes judgments on the loudness of various sounds. As a matter of fact 
it is the close agreement between the results obtained by these latter methods and 
those given by the monaural-binaural method that justifies the acceptance of the 
additive property of binaural hearing as a fact. 


C. By Dr. N. R. Campbell and Dr. F. O. Irwin. 

From the point of view of § 8, if the ‘Sone scale’ were based wholly on the 
monaural-binaural method, it would be a simple example of fundamental measure- 
ment (see Appendix II A). 

We have a group of sources of sound. We find that we can assign numerals 
a,b,c, . . . to them so that the source represented by a heard by one ear only is as 
loud as the source 6 heard by one ear and source ¢ by the other, if, and only if, 
the proposition a = b + ¢ is true of those numerals. Then we have measured, in 
the fullest sense and without dependence on any other magnitude, some property of 
the sources, which is not their intensity, and which is psychological and not physical 
(see Appendix IV, B). Moreover the order of the numerals is the same as the 
order of the sources heard always binaurally ; the property is therefore appropriately 
termed loudness. 

We can now seek a numerical law between this property, loudness, and any other, 
e.g. intensity. Fig. 43 represents such numerical laws, one for each frequency, 
having most of the properties characteristic of the numerical laws of physics. The 
squares in Fig. 41 are merely another way of expressing the same numerical law. 

Having measured loudness, we can inquire whether, when observers guess by 
direct inspection that a is half or a tenth as loud as 4, they are usually right. For 
since, by measuring loudness, we have given to ‘a half’ or ‘a tenth’ a definite 
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meaning based on facts, a guess is right only if it is consistent with that meaning. 
The answer apparently is that they are right in respect of a half, but not in respect 
of a tenth (see Fig. 41). There is nothing very startling here. For exactly the same 
thing happens with length. Nearly everyone can ‘ estimate’ half a scale division 
without regular error, but ‘ personal equation’ enters strongly in estimating one- 
tenth or nine-tenths. This comparison of guesses with measurement is possible only 
because loudness has been measured independently of guesses ; it does not give 
rise to or affect measurement. If what people estimated as a half turned out to be 
consistently less than a half, no physicist would propose to abandon measurement 
based on addition for measurement by guessing. Thus guessing halves in respect 
of weight and brightness is consistently wrong ; but nobody proposes on that ground 
to abandon the use of balances and photometers. Nor does the use of those instru- 
ments prevent psychologists from inquiring how far, or why, guesses of weight or 
brightness are wrong, that is to say, inconsistent with physical measurement. 

If the Sone scale is not based on addition by the monaural-binaural method and 
is based solely on guesses, then the position is very different. 

Fig. 41 (open figures) still represents definite facts, namely that persons, told to 
choose B so that it is half as loud as A, do so consistently. But in deriving Fig. 43 
from Fig. 41, it is assumed that B is to be represented by }a if A is represented by a. 
This assumption is not justified by the facts. 

For (a) the very meaning of a half implies the facts of addition on which the 
measurement of number, weight, length, etc., depends. If the observer were not 
familiar with such measurement, he would not use the word. He is not entitled to 
use the word unless the facts from which it derives its meaning exist in the sphere of 
discourse. But, if the monaural-binaural method is rejected, there is no evidence 
that the facts exist in this sphere. 

(6) If it turned out that, having drawn Fig. 43 on the basis of guesses of a half, it 
represented equally well guesses of a third or a tenth, then there would be some 
justification for the assumption. But it does not. As the solid figures of Fig. 41 show, 
x sone will not be estimated as a tenth of 10x sone. Again if it turned out that an 
observer asked to choose a sound intermediate between x sones and y sones always 
selected some mean of x and y, say (x +.y)/2 sone or ,/xy sone, then there would 
be some, but not complete, justification. But that is definitely not so. 

Accordingly the only effect of introducing the assumption by which (and by 
which only) Fig. 43 can be deduced from Fig. 41, is to produce a statement whose 
implications, other than those of Fig. 41 (open figures), are false. What, then, is the 
advantage of Fig. 43? Why do not psychologists accept the natural and obvious 
conclusion that subjective measurements of loudness in numerical terms (like those 
of length or weight or brightness) are mutually inconsistent and cannot be the basis 
of measurement ? 

The answer is apparently this. If they assume that Fig. 43 describes a relation 
between two magnitudes, measurable independently of each other, they can describe 
very simply certain facts that otherwise require a very complicated description. At 
certain stages in the history of physics and chemistry the same defence could have 
been, and was, offered for the use of the terms phlogiston, caloric, and ether, 
although it had already been shown that those terms had false implications. It is 
submitted that, in this matter, the young science of psychology might learn from the 


experience of its elders ; it never pays in the long run to attempt to use error as a 
means to truth. 


D. By Mr. K. 7. W. Craik and Prof. A. Ferguson. 
The first observation we would make is that we do not insist that one sensation 
may be expressed as so many times greater than another sensation. The sensation 


of sound has many aspects—loudness, pitch, volume, quality—and it is on one of 
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these aspects of sensation that we concentrate. In this instance loudness has been 
chosen. 

The term loudness in what follows is always used with reference to the sub- 
jective aspect of the sensation. 

It is admitted that loudness has magnitude in the sense that we can speak of two 
equal loudnesses, of one loudness being greater than another, and so on. 

Further, it is admitted that, without any direct reference to physical measurements of 
intensity, different observers, A,B, C . . . may take an interval a-e, bisect it at a point 
c, and agree on the point c. Furthermore they may bisect a-c at b and c-e at d, 
agreeing on these points. A further bisection of the interval b-d should yield the 
same point c, and though the experiments of Gage dispute this, it has been shown 
by other observers that consistency is obtainable, provided the interval is not too 
large. Such equal appearing intervals may be obtained with other aspects of sound 
sensation, and with aspects of other sensations, and these equal appearing intervals 
are connected by a functional relation with the physical stimuli which produce the 
aspect of the sensation under consideration. The amount of such evidence is 
impressive, is continually increasing, and represents a psychological fact of high 
importance. 

There is obviously something quantitative in these observations and it is difficult 
to deny the term measurement to them. 

It seems reasonable to associate the numbers 1, 2, 3, . . . rather than such a 
series as 1, 3, 9,27, . . . with the terms of these intervals in view of the fact that they 
are equal appearing, and we do not think that such a process of association is based 
on a false analogy with the putting of equal lengths end to end. 

This may be further emphasised by the fact that a completely different method 
of approach, which avoids the possibility of such a bias, yields similar results. A 
tone heard by one ear appears subjectively half as loud as the same tone heard by 
both ears. The observer, therefore, adjusts the intensity of a tone heard by one ear 
until it appears to be of equal loudness with a given tone heard by both ears. 

Suppose then we take an arbitrary intensity (40 db. above threshold) and assign 
to it the number 1. This so-called unit has been named a sone. A tone which 
sounds half as loud (as determined by the process just mentioned) is assigned the 
number of 4, a tone which sounds twice as loud receives the number 2, and so on. 
We can then plot a curve, for a given frequency, say 1,000 c.p.s., connecting physical 
intensities in db. above threshold with loudness in sones, and such a curve is, within 
the limits of experimental error, the same for all (normal) observers. 

Such experiments have an obviously quantitative side. They represent important 
psychological facts, which have applications outside the laboratory. It is, of course, 
possible to define the term measurement in such a way as to preclude the application 
of the term to these experiments, but, in view of their number and importance, it 
seems advisable either to widen the definition of measurement in such a way as to 
include them, or to find an alternative term (? estimate) which shall emphasise 
their quantitative aspect without conflicting with the physical use of the term 
measurement. 


E. By Dr. L. F. Richardson, F.R.S. 

Experimental researches have shown that there is not a unique scale of loudness. 
There are many scales, each correct in its own way, but suited to different purposes. 
The fact that the physical scale of micro-watts-cm.~* is the same for all stationary 
observers is a merit for physical purposes ; and demerit for psychological purposes, 
because observers are obviously not all alike, some being in various degrees deaf. 
For psychology, introspective reports are prime evidence. They are not to be 
lightly brushed aside because they disagree with physical measurement. Thus, 
when we are studying psycho-physics, we ought not to say that ‘ Guessing halves in 
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respect of weight and brightness is consistently wrong.’ The proper conclusion is 
‘consistently different from fundamental measurement in physics.’ No physicist 
proposes on that ground to abandon the use of balances and photometers ; but, on 
the contrary, artists prefer not to use photometers. 

Stevens and Davis describe several purely psychological scales of loudness for 
normal observers, namely, («) intuitive ratios, (@) monaural-binaural equation, (+) 
Sone scale, being a deduction from («) and (f), (8) bisection, (e) just perceptible 
increments. The empirical fact that («) agrees with (f) is of much interest. But 
it is best left as empiricism and not canonised as dogma. Stevens and Davis also 
show that («) and (f) differ from (8) and (e). 

There are those who say ‘ that the very meaning of a half implies the facts of 
addition on which the measurement of number, weight, length, etc., depend.’ But 
that is an unproved assertion. For indeed the bisection of seen length can be 
performed by some people with such intuitive ease as to raise the question whether 
intuitive ratios may not be more primitive in the individual and in the history of 
the race than numerals or than addition. 11.6.39 


Appenprx II. 
On MEASUREMENT. 


A. By Dr. N. R. Campbell : Notes on Physical Measurement. 

Measurement in its widest sense may be defined as the assignment of numerals 
to things so as to represent facts or conventions about them. 

Numerals have by convention a definite order. If any other group of things has 
a definite order (so that any member of the group is equal to, greater than, or less 
than any other), numerals can be assigned so as to represent the fact of this order. 
But, if this is all, the assignment is not unique ; the same order can be represented 

In physical measurement the further condition (condition A) is imposed that 
the assignment must be unique to this extent, that, when a numeral has been assigned 
to one member of the group, the numeral to be assigned to any other member is or 
can be determined by facts within a limited range of ‘ experimental error,’ arising 
from the nature of the facts that determine the assignment. 

Only one way of fulfilling this condition has ever been discovered : in it use is 
made of the primary function of numerals to represent number, a property of all 
groups. The rule is laid down that the numeral to be assigned to any thing X in 
respect of any property is that which represents the number of standard things or 
‘units,’ all equal in respect of the property, that have to be combined together in 
order to produce a thing equal to X in respect of the property. 

The only properties measurable directly by means of this rule are those (roughly 
termed quantities) which are additive—that is to say, which are such that, given 
two things A and B having the property, it is possible to produce by a precisely 
determined operation (combination) a thing C which is greater in respect of the 
property than either A or B. Typical additive properties with their operations of 
combination are : 


Length—placing end to end in a straight line. 
Mass—connecting so as to form a single rigid body. 
Electrical resistance—connecting in series. 


Non-additive properties (roughly termed qualities) are measured by an indirect 
process, of which the simplest form is this. ‘To each thing to be measured is assigned 
by the direct process two numerals, x, y, representing it in respect of two additive 
properties. The fact is established that the numerals representing some single- 
valued function, f(x, y), have the same order as the non-additive property to be 
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measured. The numeral f(x, y) is then assigned to represent the property. Examples 
of non-additive properties, with the additive properties of which they are thus 
functions, are : 


Density—mass/volume. 
Area of an ellipse—(length of major axis) x (length of minor axis). 


The number of non-additive properties recognised in physics greatly exceeds 
that of additive, and there are many variants of the indirect process. It is un- 
necessary for the present purpose to distinguish them ; the important fact is that 
they all rest on the direct process and require the establishment by experiment of 
a law relating directly measured properties. 

These simple principles are apt to be obscured by complexities that arise in any 
old and highly organised study. They are not likely to arise in any young study. 
A few of them will be pointed out. 

The same property may be measurable both directly and indirectly from other 
properties ; electrical resistance and volume are examples. 

Properties that are essentially different may be closely related by theory, and 
therefore called by the same name. ‘Thus the mass of terrestrial bodies is measured 
directly. The mass of a star or of an atom must be measured indirectly ;_ the 
connection between the three properties is theoretical, because it would vanish 
if certain theories were rejected. 

True measurement is relegated nowadays to instrument makers and standardising 
laboratories, who make standards or calibrated instruments which permit other 
things to be measured by mere judgment of equality. The nature of a standard or 
calibrated instrument does not indicate whether the underlying measurement is 
direct or indirect. Accordingly, since most physicists never make a direct measure- 
ment in the whole course of their experience, the distinction between direct and 
indirect measurement is apt to be forgotten. 

The value to be assigned within the limits of experimental error is often set by 
mere convention. When the error is (as usual) much less in comparing nearly 
equal properties than in those very different several different ‘ units’ may coexist. 
Thus the ‘ unit’ for the mass of terrestrial bodies is the standard kilogramme, for 
the mass of stars it is the sun, for the mass of atoms it is 0'® ; but the relation between 
these units is known within a range of error, arising from the facts on which the 
three measurements depend. 

Since all measurement requires the establishment of facts (either the fact of 
additivity or the fact of a law between previously measured properties), every branch 
of physics is apt to go through a stage in which a tentative process of measurement 
is proposed, but is not yet fully established. The existence of such tentative processes 
is not evidence that, having decided that we want to measure something, we can 
proceed at once to do so ; it is evidence to the contrary. 

During the discussions of the Committee it was suggested that the international 
scale of temperature affords evidence that physicists accept as measurement processes 
that do not conform to Condition A, and that therefore (this implication appears 
dubious) anyone might call physical measurement any process of assigning numerals, 
however arbitrary. It is therefore desirable to say something about temperature. 

Within a certain range, temperature can be measured by the simple indirect 
process described above, in virtue of Boyle’s Law, pv = constant. The order of this 
constant is the order of temperature defined as a property such that, if the tempera- 
ture of A is greater than that of B, A in contact with B will become of lower and B 
of higher temperature. If, then, a value of the constant were assigned to one body, 
the value to be assigned to any other within the range would be determinate. 

But now two complications enter. For historical reasons it is desired to assign 
prescribed values, 0 and 100, to two bodies. Suppose that, having established a 
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direct process of measuring length and having assigned the value | to the standard 
metre, we found that the numerals to be assigned to most other bodies were incon- 
veniently large. We might, by a mere convention, decide that we would subtract 
some particular numeral, say 100, from all the numerals thus assigned. ‘That would 
not alter the fact that we could still measure length by assigning a single numeral. 
It would still not be altered if we said that we would subtract, not a predetermined 
numeral, but a numeral to be determined by experiment such that, when the standard 
metre has the value 100, the standard yard has the value 0. That is the whole 
matter in respect of the fixed points 0°-C. and 100° C. ; we deliberately sacrifice 
the advantages of a single arbitrarily assigned numeral in order to maintain historical 
continuity ; but the measurement is still physical measurement, because we could, 
if we pleased, determine all numerals by making a single arbitrary assignment. 

The other complication enters because we have theoretical reason to believe 
that the property measured thus by Boyle’s Law is significant far outside the range 
over which Boyle’s Law is true as an experimental fact. The position then is exactly 
the same as that in respect of the mass of atoms and stars. ‘Two possibilities now 
arise. One is that we can find true processes of measuring this property, by relations 
other than Boyle’s Law, over the whole range where it is supposed to exist at all, 
but that the experimental error of these processes is undesirably large. Then (just 
as with the mass of atoms) we may assign by convention a whole series of tempera- 
tures throughout the entire range, taking care that they always lie within the range 
of experimental error. 

If this is the fact (and it was certainly believed to be the fact by the convention 
which set up the 7 (or 9) ‘ fixed points ’ of the international scale and the method of 
interpolating between them), the statement that (e.g.) the melting point of sulphur 
is 444-6° means this: We have processes of measuring temperature over the whole 
range which determine that the melting point of sulphur must lie between (say) 
444° and 445°, the extent of this range being determined by the nature of those 
processes. But in the neighbourhood of that temperature, we can compare tempera- 
tures within much narrower limits. Accordingly we assign an arbitrary convention 
that that temperature is to be taken to be 444-6°. If that is all, temperature is not 
different from many other magnitudes concerning which similar conventions are 
made. 

It is to be observed that, on this view, the question whether the conventional 
value is right may arise. If the range of experimental error in the processes of 
measurement could be sufficiently decreased, the conventional value might be 
found to lie outside the decreased range, and would then be definitely wrong. 

The other possibility is that we cannot find any processes at all for measuring 
the theoretical property (thermodynamical temperature) that we desire to measure. 
Some physicists hold that this is the actual fact, and that all methods that profess 
to measure thermodynamical temperature rest in part on purely arbitrary con- 
ventions that have no factual basis. If this is so, the international scale is not 
measurement at all ; we cannot measure temperature outside the range of Boyle’s 
Law (and perhaps a few other laws of limited range) ; and that is the end of the 
matter. 

But the possibility of such an attitude is proof that physicists have very definite 
criteria of measurement, and that measurement is possible only in virtue of facts 
that have to be proved and not assumed. 27.6.39 


B. By Mr. T. Smith, F.R.S. : Description of Estimated Magnitudes. 

The term ‘ apparent distance ’ has been used in optics for more than two centuries. 
It denotes the distance a man would be judged to be from his height and the angle 
his image subtends at an observer’s eye. It may be useful to extend the application 
of the word to distinguish between true and estimated quantities such as weight, 
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etc. A length of 1 foot would then signify a value obtained by physical measure- 
ment, and an apparent length of 1 foot an estimate made under conditions to be 


described. 3.7.39 


AppEnNprx III. 
IN DEFENCE OF THE MEASURABILITY OF SENSATION INTENSITY. 
A. By Mr. K. F. W. Craik. 


The Committee seems to me to have been facing two main questions : 


a) Is sensation intensity measurable ? 
(b) Why should anyone want to make out that sensation intensity is measurable, 
and why should anyone want to measure it ? 


The answer to the first of these questions must be sought by finding a definition 
of measurement which fits its use in other sciences, and then asking whether the facts 
obtained by psycho-physical experiments entitle the estimation of sensation magni- 
tudes to be subsumed under this definition. It is important not to base the definition 
of measurement only on the most stringent instances, such as length ; for ‘ measure- 
ment’ is applied also to scales of temperature, density, time, etc., which fail to fulfil 
one or other of the conditions which are fulfilled by length. Thus, to insist that a 
quantity is measurable only if the operation of adding together two numerical 
quantities predicts the result of combining such quantities of the given physical 
magnitude, would rule out the temperature scale quite as much as a sensation scale. 
Again, subjective estimation of sensory intervals may break down when the intervals 
are large. But in the same way measurement of space according to the rules of 
Euclidean Geometry may break down when applied to stellar distances ; but one 
does not assert, for this reason, that measurement extending over small distances, 
and performed by people who are ignorant of the failure for large distances, is there- 
fore not measurement at all. 

The same danger—the definition of measurement in terms of the cases which 
fulfil the most stringent requirements—seems to be at the root of the complaint that 
a sensation scale might lead the ‘ ordinary man’ to false conclusions. So might a 
logarithmic scale of weight, or the temperature scale. If the ordinary man’s notion 
of measurement is based on length alone, it is probably too rigid even for physics. 

The second question is of a different nature ; it seems to have been in the minds 
of those who have insisted that the results of psycho-physical experiments could be 
fully expressed in terms of stimulus intensities alone. It is more difficult to answer, 
for one certainly cannot point to any numerical data which can only be stated in 
terms of a scale of sensation magnitudes. But surely the same can be said in physics ; 
it is possible to refuse to do more than state results in terms of the methods by which 
they were obtained ; that is what Operationalism tries to do. On the other hand 
it is possible to unify results by introducing new quantitative concepts, such as 
electro-magnetic radiation of different frequencies, gravitational fields varying as 
the inverse square of the distance, and so forth. Such quantitative concepts generally 
make prediction easier, and, further, I see no reason to deny that they are in them- 
selves explanatory concepts, of the kind which science seeks. If, then, a sensation 
scale can help to co-ordinate the data on masking in sound, or on the brightness of 
lights viewed with eyes in equal or different conditions of adaptation, I feel much in 
favour of giving such measurement a chance, rather than denying it all opportunity 
to see what it can do. 16.6.39 


B. By Mr. R. 7. Bartlett. 
The Committee are on safe ground in §7 of the Report in agreeing that the 
arguments of Fechner are fallacious : that has been accepted by psychologists from 
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an early date. They are also wise in their discrimination between the truth of 
‘ conclusions ’ and the truth of methods of ‘ proof.’ It would, however, seem doubt- 
ful whether they are justified in the interpolated statement ‘that no numerical 
relation between the value of the stimulus and the intensity of the sensation can be 
deduced logically from the equation 8I = f(I).? The 8I is not any difference of 
stimulus values : it has a unique value established by psycho-physical methods on 
the basis of just appreciable differences in the intensities of the sensations awakened 
by a stimulus of fixed physical value and by a unique value of a similar varying 
stimulus. Sensation intensity, not stimulus ‘intensity,’ is the deciding factor. 
Weber’s Law is meaningless apart from its reference to sensation intensity. 

Fechner’s task was to give acceptable mathematical shape to this truth. He was 
faced with two series : one, a stimulus series, relatively permanent in space and time ; 
the other, a sensation series, each member of which has a fleeting temporary existence. 
He could have taken any chance series of sensations and shown that the sensations 
could be ranked in order and that the corresponding stimuli proved to be ranked 
in order according to their physical values. On the strength of this he might have 
suggested that the physical values were suitable measures of the sensation intensities, 
and, in all probability, physicists of his day would have raised no objection. Instead, 
he paid closer attention to the possibilities of the sensation series. Instead of dealing 
with any haphazard series he proceeded to consider a series of sensation intensities 
each of which was just appreciably different from its next neighbours. The 
physical measures of the members of the corresponding stimulus series form a reason- 
ably close approximation to a geometric progression. It is then an easy task to 
demonstrate that the physical value of the stimulus corresponding to the nth term 
of the sensation series can be expressed in the form Ka", where K and a are constants 
determinable by psycho-physical methods. 

We can now determine the position of a sensation in an established order of 
sensations by reference to the corresponding stimulus value. But the numerical 
value of position is only a measure in the sense that it gives the number of steps 
between itself and a datum, and it is arguable that it would be well to be satisfied 
with that degree of measurement, i.e. measurement by enumeration of steps. If, 
however, by a reasonable convention we postulate equality in the value of the steps, 
we can establish a unit of sensation difference, and Fechner’s Law follows: that 
sensation (in some reasonable sense) is proportional to the logarithm of the stimulus 
value. Fechner’s arguments in support of the postulate break down because he 
assumes that a difference between sensations is itself a sensation. The steps are not 
sensations. ‘There remains, however, the fact that the steps are the same, at least to 
the extent of each being ‘ just noticeable.’ How to express the sameness in acceptable 
terms is the real difficulty, and, with nothing better in the field, it would seem reason- 
able to accept Delbceuf’s contention that the sameness is equality of ‘ sense-distance ’ 
and that it is ‘ sense-distance ’ that is measurable and gives acceptable meaning to 
Fechner’s Law. 27.6.39 


AppENDIx IV. 
IN DENIAL OF THE MEASURABILITY OF SENSATION INTENSITY. 


A. By Mr. F. Guild. 

I had the privilege of explaining at some length my views on the fundamental 
problem which the Committee has been examining in the Interim Report published 
last year,? so it is unnecessary for me to repeat the arguments given therein. I need 

2 Are Sensation Intensities Measurable? Statement III in Interim Report of Committee appointed to 


consider and report upon the possibility of Quantitative Estimates of Sensory Events, Report of British 
Association for Advancement of Science, 1938, p. 277. 
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only say that nothing which has been advanced in the subsequent deliberations of 
the Committee appears to me to call for any modification of the views I expressed in 
that statement, or to limit the generality of the conclusion that sensation intensities 
are not measurable in any sense of the term. I submit that any law purporting to 
express a quantitative relation between sensation intensity and stimulus intensity 
is not merely false but is in fact meaningless unless and until a meaning can be given 
to the concept of addition as applied to sensation. No such meaning has ever been 
defined. When we say that one length is twice another or one mass is twice another 
we know what is meant : we know that certain practical operations have been de- 
fined for the addition of lengths or masses, and it is in terms of these operations, and 
in no other terms whatever, that we are able to interpret a numerical relation be- 
tween lengths or masses. But if we say that one sensation intensity is twice another 
nobody knows what the statement, if true, would imply. I do not know of anyone 
among the psychologists I have met or whose works I have read who would claim to 
know. In fact, I have always understood it to be an accepted tenet of orthodox 
psychology that every sensation is, as regards its intensity, an indivisible thing which 
cannot be analysed into smaller sensations piled on top of one another. Any state- 
ment of a numerical ratio between two samples of a magnitude implies the possibility 
of this kind of analysis which psychologists are agreed is inapplicable to sensation 
intensity. Without this possibility (of analysis into parts combined by a defined 
operation of addition) we cannot assign a meaning to ratio, and when we talk about 
relative values of sensation intensities we are merely using groupings of words which 
seem to make sense only because we are familiar with their use in connection with 
well-defined physical magnitudes, whereas when applied to sensation intensities 
they make sheer nonsense. If those who insist on the view that quantitative laws 
must exist between stimulus and sensation intensities were less preoccupied with the 
discussion of what particular laws are true and would stop to inquire what any of 
the proposed laws, if true, would mean, they would find that no meaning in any way 
analogous to the meaning of a quantitative law as understood in physics and mathe- 
matics is discoverable. I believe (subject to correction) that all members of the 
Committee would admit this, but there are some who claim that the physicist 
places too narrow restrictions on the term ‘ measurement,’ and that those working 
with other material (psychological material, for example) are not bound by these 
restrictions, and are entitled to regard as measurement any process of associating 
numbers with things which is found to be repeatable under prescribed circumstances 
whether or not this process has anything in common with physical measurement. 
This merely begs the whole question at issue. There is no doubt that the desire of 
psychologists to be able to apply the processes and concepts of measurement to the 
field of sensory experience is due to the success of such processes in physics and 
geometry, and that their aim is to introduce the same kind of definiteness into de- 
scriptions of sensory behaviour that quantitative laws give to descriptions of physical 
phenomena. I am sure that when they propose a quantitative law they intend its 
quantitative significance to be of the same kind as that of any other quantitative 
law. What some of them (not all) appear to be unable or unwilling to do is to 
realise that they cannot obtain this significance in relations involving numbers de- 
rived from processes of types differing fundamentally from those which form the 
basis of all physical measurements. To insist on calling these other processes 
measurement adds nothing to their actual significance but merely debases the coinage 
of verbal intercourse. Measurement is not a term with some mysterious inherent 
meaning, part of which may have been overlooked by physicists and may be in 
course of discovery by psychologists. It is merely a word conventionally employed 
to denote certain ideas. ‘To use it to denote other ideas does not broaden its meaning 
but destroys it : we cease to know what is to be understood by the term when we 
encounter it ; our pockets have been picked of a useful coin. I pointed out in the 
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Interim Report that there are many psychological relations expressible on a truly 
quantitative basis, involving sensory magnitudes measurable in the accepted sense 
of this term. These are all ‘B’ magnitudes (in Dr. Norman Campbell’s well- 
known classification) and are definable as ratios of two or more stimulus quantities 
related in a manner determined by some sensory property. Sensation intensity is 
not a thing of this kind. It is not definable in terms of stimulus quantities. Any 
concept of a numerical relation between two unequal sensation intensities must be 
based on an analysis of sensation intensity into parts from which it can be resyn- 
thetised by a defined operation of addition. This has never been done. Until it 
is done it is meaningless to speak of numerical relations between sensation intensities, 
We are entitled to ask those who regard this conclusion as merely an unproved 
assertion, and who hold that in some mysterious way it is possible to intuit numerical 
relations, to provide some statement of the meaning of the ratios they claim to 
identify by this means. Presumably when they assert, for example, that one loud- 
ness is twice another, the statement is supposed to be meaningful. What is this 
meaning? Before we can say we are aware of some fact, no matter by what means 
we claim to become aware of it, it is necessary to be able to say what the fact is. 
It is not sufficient to say: the fact which we intuit is simply that one loudness is 
twice the other and that is all that can be said about it. We must be able to say 
what relations between sensation intensities and numbers are implied by the 
assertion that the numerical ratio 2: 1 is appropriately associated with the directly 
experienced relation between the loudnesses. If we deny the applicability of the 
kind of relation (based on a practical criterion of equality and operation of addition) 
employed in physical measurement, we must substitute some other if our statements 
are to mean anything. What other is in the minds of the exponents of intuitive 
measurement? I venture to suggest there is none. They claim that the concept 
of measurement must be extended, but in fact they do nothing to extend it ; they 
offer no suggestion of any basis on which to build relations between numbers and 
things that are not numbers which will serve as an alternative to the physicist’s 
basis. ‘They seem to think that no defined relations are necessary and that the words 
twice or half, etc., have a meaning in whatever context one chooses to use them. 
Almost at the end of the Committee’s deliberations our attention was directed 
to a type of experiment which some psychologists think may provide an operation 
of addition for at least one kind of sensation intensity—loudness. This is the 
monaural-binaural experiment described in another appendix to this report. It 
must be observed in passing that the claim that we may assume the total sensation in 
binaural hearing to be the simple sum of component sensations due to the stimulation 
of the respective ears is at variance with the generally accepted psychological 
principle, already referred to, that sensation intensities, from their nature, are not 
susceptible of analysis or synthesis, and we would expect some cogent reasons for 
abandoning that principle to be advanced before any assumption of the kind here 
involved were made. In any case an assumption will not do. It merely leaves us 
with the same question as before, namely, what is the nature of the facts which are 
assumed ? We must, obviously, have an idea of what is implied by the addition of 
sensations before we can assume that addition is taking place in this experiment. 
If addition has no meaning, neither has the assumption that it is happening. The 
two constituent sensations whose additivity is here said to be assumed have no 
separate identity at any stage of the proceedings. Their separability and additivity 
is purely conceptual and has no factual significance.? The process employed in the 


3 It is easy to make verbal formulations of meaning!ess analyses of this kind. It is easy to say, 
for example, that the taste of sugar is three times one-third of the taste of sugar. This sort of thing 
sounds all right but means nothing whatever, because there are no operations or criteria which give 
meaning to the concept of subdivision of a taste. The statement does not itself provide a meaning for 
the concept involved. A definition of the meaning of the terms used must come first, before any 
statement employing the terms can make sense. 
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monaural-binaural experiment, and the assumptions made, have nothing in common 
with the processes and postulates (not assumptions) employed in constructing a 
standard scale for any magnitude, as examination in the light of the principles 
outlined in my previous statement will reveal. That numbers obtained in the 
monaural-binaural experiment are related to stimulus intensities in a similar manner 
to those obtained by some other processes does not prove or confirm that any of the 
processes constitutes measurement of sensation intensities. It merely indicates that 
some common psychological or physiological factor may be entering into all the 
various experiments. The fact is clearly of importance, but its significance is not 
likely to be discovered so long as experimenters in these fields remain preoccupied 
with the idea that they are measuring sensation intensities. 20.6.39 


B. By Dr. N. R. Campbell : Physics and Psychology. 

Physics is the discovery and study of those relations between sense-perceptions 
concerning which universal agreement can be obtained. Psychology is interested 
in all sense-perceptions, however individual they may be. Psycho-physics occupies 
an intermediate position ; it uses physical conceptions, based on common relations, 
to describe relations that are not common. Thus, in the description of a j.p.d. 
experiment, the values of the stimuli between which the subject is asked to dis- 
tinguish are physical conceptions; but the relation that the subject establishes 
between them is not a universal relation, because it can have no meaning for one 
who lacks the particular sense concerned. 

No general objection can be taken to this psycho-physical procedure. For, 
though logical contradiction might arise from the mingling in the same proposition 
of conceptions that derive their significance from the universality of certain relations 
with other conceptions that derive their significance from individual differences in 
respect of other relations, such contradiction is not inevitable. Accordingly, with 
the rest of the Committee, I see no reason why, if the relations in which psycho- 
physics is interested prove to have a sufficient generality, they should not be regarded 
as proper subject-matter for laws. 

But the position is very different when it is assumed that psycho-physical pro- 
positions have the same character and significance as purely physical propositions. 
Thus certain assumptions that physicists habitually make, when they are dealing 
with their proper subject-matter, are justified only by their experience that these 
assumptions turn out to be true in respect of that subject-matter. Such assumptions 
are that any ordered property will prove to be measurable, that a numerical law can 
always be discovered between two measurable properties invariably associated, and 
that, if this law is mathematically simple, it will prove to be general and explicable 
by a theory of the physical type. All the experience of physicists shows that, though 
these assumptions are true when great care is taken that the subject-matter has 
been carefully freed from all relations that are not universal, this precaution is 
absolutely necessary, and that the assumptions are untrue if it is relaxed to the 
smallest degree. Physics can use its characteristic procedures only in so far as it 
confines itself to relations (especially those of simultaneity and contiguity) that are 
truly universal. 

Some psycho-physicists ignore all this. Having found that individual sensations 
have an order, they assume that they are measurable. Having travestied physical 
measurement in order to justify that assumption, they assume that their sensation 
intensities will be related to stimuli by a numerical law. And having thus estab- 
lished laws which, if they mean anything, are certainly false, they hope by the study 
of them to arrive at far-reaching theories. 

I suggest that there are only two rational alternatives. One is to declare that 
the distinction between common and not-common relations, on which physics is 
based, is irrelevant to psychology, to reject all physical rules and procedures, and to 
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build up a completely new science with rules and procedures of its own. The other 
is to use physical conceptions, but only in a manner consistent with their significance, 
as in the description of a j.p.d. experiment. If it is said that no progress can be made 
subject to this limitation, the example of colour study will prove the statement to 
be false. We probably know more about the colour sense than about any other 
special sense ; and the knowledge has been obtained by the use, and without the 
abuse, of physical conceptions. 26.6.39 


C. By Mr. T. Smith. 

I am in substantial agreement with the views already expressed that measure- 
ment must conform to the principles followed in physics. 

I think it is not disputed that sensations are not measurable in the sense in which 
the term is used by physicists. I would agree that the measurement of sensations, 
if it were possible, might prove valuable. Many attempts have been made to devise 
methods of assigning values which could be logically defended as measures of sensa- 
tions. All of these attempts have failed, and in the present state of knowledge there 
are no grounds for expecting success. 

The fundamental objections urged elsewhere apart, it is noteworthy that in the 
course of attempts to set up scales of sensations assumptions are made which have 
the effect of begging the whole question at issue. Sometimes the assumptions 
involve propositions known to be false, and the arguments employed can often be 
used equally well to justify scales differing markedly from the one arbitrarily chosen. 
The conclusion to be drawn is that though we can order a series of sensations, and so 
assign numerals to them on any one of many systems, we have no justification for 
regarding the numbers, or any function of them, as measures of the sensations. 

Consider by way of example a j.p.d. series and the derivation from it of Fechner’s 
Law as suggested in Appendix III, B. It is tacitly assumed that there is a one-one 
relation between stimulus and sensation valid for all the observations ; but this is 
certainly not true for different states of adaptation of the sense organ. In the suc- 
cessive steps the state of adaptation changes, for the stimuli are continuously increasing 
(or continuously decreasing). It follows that the ‘ sense-distance ’ (assuming for 
the sake of argument that this is a something capable of quantitative expression) 
between the end sensations is not equal to the sum of the elements from which it is 
supposed to be built up, the magnitude of the discrepancy being unknown. As a 
special case—perhaps an extreme example of the cases possible—we may suppose 
all the lower stimuli of a series of steps to give rise to the same sensation, and all the 
higher stimuli to another constant sensation. The theory proposed would then lead 
us to assign a whole series of different measurements to each of the two sensations 
experienced. We should, in this case, expect Weber’s Law to be true, but Fechner’s 
would be false. In any event it would be astonishing if the conversion of ordinal 
numbers in this way, to represent values, were found ultimately to lead to correct 
conclusions. 

Although Fechner’s error, as mentioned in § 7, does not necessarily imply that 
his conclusion was false, it should be realised that objections of a different character 
from those mentioned here can be urged against the suggestion that L should be 
regarded as a true measure of sensation intensity. 3.7.39 


APPENDIX V. 


On MATHEMATICAL TRANSFORMATIONS AND SENSATION. 


By Dr. R. A. Houstoun. 
In § 5 of the report it is stated that when a relation 8I = f(I) has been established, 


it is always possible to calculate the integral L = | du/ f(u), but that such trans- 


wh 


for 
be 
for 
on 
ho 
I 
bil 
It 
fro 
the 
W 
of 
is 
to 
tio 
an 
ac 
sec 
in 
lec 
fre 
th 
P. 
9 
na 
co 


349 


formations neither add to nor subtract from the facts expressed by the relation 
between 83I and I. I take exception to this statement. I think that such trans- 
formations may suggest analogies with other results in physics and thus throw light 
on the nature of the processes involved in sensation. 

For example, it is known that Weber’s Law on the constancy of 8I/I does not 
hold for observations on the brightness of surfaces throughout the entire range. 
I have found in this case (cf. my book Vision and Colour Vision) that I/8I is a proba- 
bility curve when expressed in terms of log I, though my results have been questioned. 
It is not necessary, however, for the validity of my objection that my conclusions 
from the data should be correct. 

If we assume that 


— (log I)?/20? 
where o is a constant, and write 


logI 
| 


— © 
2 2 
then sL =e — 8(log I) 
which becomes unity, if 8I is the j.p.d. Thus the increase in L between two degrees 
of stimulus is equal to the number of steps of j.p.d. in the range. But the integral 
is proportional to the fraction of a homogeneous population which varies with respect 
to log I and has a value of log I below a certain limit. ‘This suggests that the sensa- 
tion of brightness is due to a number of receptors which have different thresholds 
and that it is directly proportional to the number of these receptors which are in 
action. 
The point I wish to stress here is that by mathematically transforming results we 
see them from a new angle and that the new standpoint sometimes reveals relations 
existing between them. 33.39 


SECTION C (GEOLOGY) 


PHOTOGRAPHS OF GEOLOGICAL INTEREST 


TWENTY-NINTH REPORT of the COMMITTEE (Prof. E. J. Garwoopn, 
F.R.S., Chairman ; Prof. S. H. ReyNotps, Secretary ; Mr. H. Asutey, Mr. G. 
MacponaLp Davies, Mr. J. F. Jackson, Dr. A. G. Maccrecor, Dr. F. J. Nort, 
Dr. A. Ratstrick, Mr. J. Ranson, Prof. W. W. Watts, F.R.S.). 


Tue membership of the Committee remains as it was at the Nottingham meeting 
in 1937. 

In the present report 236 photographs are listed bringing the number in the col- 
lection to 9,102. The collection continues to receive sets from former contributors, 
the present series including 13 more Cornish subjects from Mr. E. H. Davison, 
9 from East Anglia and 17 from Antrim from Mr. H. Ashley, and 6 from Sutherland 
from Mr. A. G. Stenhouse. In addition to further subjects from the Bristol district 
the Secretary contributes a small series from Ireland. New contributors include 
Prof. P. G. H. Boswell and his colleagues, Drs. A. C. Skerl and E. Spencer, who send 
9 fine photographs from Denbigh. Dr. J. E. Wynfield Rhodes sends 6 from Caer- 
— and 10 from Dumfries, the latter county being little represented in the 
collection. 


| || 

ler 

de 

to 
ler 
he 

39 

ch 

ise 
| 
re 
he 

ve 
ns 
be 
n. 

sO 

or 
r’s 
ne 

is 

C- 
ng 

or 
n) 

is 

Sse 
he 
ad 
ns 
r’s 
al 

at 

er 

pe 

9 

d, 


350 


There can be little doubt that the most important subjects included in the present 
list are those from Westmorland contributed by Mr. T. Hay. Some of these are of 
mountain scenery, others of glaciation, but the special importance of the series is 
that it includes illustrations of certain erosion phenomena, characteristic of mountain 
regions, and hitherto unrepresented in the collection, such as solifluction-weathering, 
slab- and block-weathering, stone stripes and frost action. Mr. Hay has also 
contributed certain excellent photographs of mountain scenery in Scotland taken 
by Mr. B. Redford. 


GEOLOGICAL NEGATIVES. 


Since the issue of the previous report the Committee has become the possessor of 
no fewer than 307 negatives taken by one of its members Mr. J. F. Jackson. Prints 
of the whole series had already been added to the collection. Of these, 230 illus- 
trating the geology of the Isle of Wight were taken by Mr. Jackson in 1924 and 1925 
when acting as scientific assistant to the late Mr. Frank Morey, F.L.S., and were 
presented by Miss C. Morey ; the remaining 67 illustrating the geology of parts of 
the coast of Devon and Dorset were presented by Mr. Jackson himself. This very 
fine series, all fully described, is the most important that has been acquired by the 
Committee with the exception of the Reader collection presented in 1925. 

The following smaller sets have also been acquired recently : 

(a) 130 negatives—62 }-plate and 68 4-plate of various localities, presented by 

Mr. C. J. Watson ; 
(6) 38 negatives illustrating the South of England, mainly Somerset, presented 
by Dr. F. J. Allen ; 33 of these are whole-plate, the remainder 5 x 4; 

(c) 47 whole-plate negatives illustrating the coast near Penzance and Sidmouth, 

purchased from Mr. Harold Preston of Sidmouth ; 

(d) about 40 negatives of the Bristol district, presented by Mr. J. W. Tutcher. 
It is hoped that other sets may be acquired shortly. 

It has unfortunately happened that very large numbers of geological negatives 
have been destroyed by executors, often from ignorance of their importance. The 
most regrettable case is that of the Jerome Harrison collection, numbering 380 
negatives. Other sets destroyed are those of W. Goodchild (44), and Prof. G. A. J. 
Cole (30). Many hundred negatives in small sets have undoubtedly been destroyed. 
It would scarcely be incorrect to say that any good geological negatives of British 
subjects would be acceptable to the Committee. 

The normal and most satisfactory course is for large collections of negatives to 
find a home eventually in the geological department of the nearest University or 
large Museum. Thus the Welch collection is now in the City Museum, Belfast ; 
the Bingley collection in the University of Leeds ; while the series taken by the 
Secretary is destined for the University of Bristol. 


The housing of the property of the Committee is a difficult question. It consists 
of the following : (a) the collection of photographs mounted in about 100 albums ; 
(6) the card catalogue contained in a large case ; (c) the negatives alluded to above ; 
(d) two cupboards containing the spare copies of the successive reports and other 
printed matter ; (e) the negatives of the published series and the corresponding 
lantern-slide negatives ; f) miscellaneous property of various kinds. 

The series of albums has always, through the kindness of successive Directors, 
been kept in the library of H.M. Geological Survey. The collection has, how- 
ever, almost outgrown the cupboard space provided for it, and this space would 
undoubtedly be acceptable for purposes of the library. The collection cannot 
be worked at without inconveniencing the library staff by occupying table-space. 

With the exception of the albums all the Committee’s property is at Bristol. 
Such a separation adds greatly to the difficulty in caring for the collection, but under 


88 


88 


| P 
it 
0. 
W. 
re 
88 
88 
8g 
88 
88 
88 
88 
88 
8§ 
88 
88 
88 
88 
88 
88 
88 


351 


present circumstances is unavoidable. It was hoped that in the new Survey building 
it might be possible to assign a small room which could be used solely for the purposes 
of the collection. 

The Secretary intended that the present report should be the last for which he 
was responsible, and that it should include a balance sheet and a general statement 
regarding the published series and the collection. He now proposes to carry on for 
one further period and to postpone the issue of the balance sheet and statement 


regarding the collection. 


ENGLAND. 


BUCKINGHAMSHIRE.—Photographed by J. H. Piepce, formerly of 115 
Richmond Road, Dalston, N.E. 


8866. 30. Dorton. Railway cutting in Ampthill Clay. 
CAMBRIDGESHIRE. Photographed by the late Mrs. T. McKenny 
Hucues (before 1911). 4. 
8867. — Barrington. Pit in mammaliferous gravel. 


CorNWALL.—Photographed by E. H. Davison, B.Sc., School of Mines, 


Camborne, Cornwall. P.C. 


8868. 20. | Widemouth Bay, near Bude. Syncline in Culm Measures. 1938. 
8869. 87. Delabole Quarry. Quarry in Devonian roofing slate. 
1939. 

8870. 58. Roche Rock. Mass of schorl rock. 1938. 

8871. 25. Tremore Quarry, near Dyke of granite porphyry. 1938. 
Withiel. 

8872. 40. Quarry 4 mile N. ofSt.Teath Porphyry dyke in shale exposed 
fork on Wadebridge-Camel- _—_along line of strike. 1939. 
ford Road. 

8873. 86. Godrevy Cliff. Blown sand cemented by carbonate 

of lime derived from shells. 1939. 

8874. 88. Godrevy Cliff. Raised beach. 1939. 

8875. S5la. St. Michael’s Mount, fore- Vein of greisen with quartz vein in 
shore. centre, in granite. 1938. 

8876. 515. St. Michael’s Mount, fore- Veins of greisen with quartz veins 
shore. in centre, in granite. 1938. 

8877. 80. Kiberick Cove, near Veryan. Erratic of serpentine on beach. 1939. 

8878. 85. County Council Quarry, Thrust-fault in tremolite serpentine. 
Goonhilly Down, Lizard. 1939. 

8879. 37. Quarry, Botallack Head, St. Fold in actinolite gneiss formed from 
Just. epidiorite. 1939. 

8880. 23. Cape Cornwall, St. Just. Promontory due to epidiorite sill. 


Dorset.—Photographed by F. J. 


1938. 


ALLEN, M.D. (Cantab.), Shepton 


Mallet (formerly of Mason College, Birmingham). 1896. 4. 
8881. — Lyme Regis Bay. 
8882. — Lyme Regis. Lias cliff. 
Photographed by W. J. Arxett, M.A., D.Sc., Hurstcote, Cumnor, 
Oxford. }. 
8883. — Watton Cliff. Fuller’s Earth section. 
8884. — Coast W. of Bat’s Head, Chalk cliffs. 


Lulworth. 
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Photographed by S. H. ReEyno ps, 


Bristol. 
8885. 28-2. East Cliff, West Bay, Bridport. 
8886. 28-5. East Cliff, West Bay, Bridport. 


DurHaAM.—Photographed by S. H. ReEyNo.ps, 


University, Bristol. 


8887. 31-130. Trow Rocks. 
31-104. 
31-89. 


31-106. 


Fulwell. 
Copt Hill. 
Claxheugh, by the Wear. 


8888. 
8889. 
8890. 


GLOUCESTERSHIRE.—Photographed by F. J. ALuen, 
Shepton Mallet (formerly of Mason College, Birmingham). 


8891. — Stonehouse Quarry. 


M.A., Sc.D., The University, 
1928. 


Bridport sands. 
Bridport sands with calcareous layers, 


M.A., Sc.D., The 

1931. 4. 

Cellular breccia at base of Middle 
Magnesian Limestone. 

Concretions. 

Quarry in Whin Sill. 

‘Lower Limestone’ 
* Yellow Sands.’ 


M.D. 


resting on 


(Cantab.), 
6 x 8. 


Middle Lias section. 


Photographed by W. J. ARKELL, M.A., D.Sc., Hurstcote, Cumnor, 


near Oxford. 


8892. 17. Leckhampton, near Chelten- 
ham. 

8893. 18. | Leckhampton, near Chelten- 
ham. 

8894. 19. | Leckhampton, near Chelten- 
ham. 


Photographed by S. H. ReEyno.ps, 


Bristol. 

8895. 01-39. Leckhampton Hill, Chelten- 
ham. 

8896. 38-3. Hobbs, May Hill. 

8897. 99-45. Avon Gorge, from Observa- 
tory Hill. 

8898. 18-46. Avon Sect., N. end with Sea 
Walls. 

8899. 18-63. Avon Sect. (rt. bank). 

8900. 35-7. Avon Sect. (rt.) southern part 
from Leigh Woods. 

8901. 35-15. Avon Sect., Great Quarry. 

8902. 12-57. Avon Sect., Great Quarry. 

8903. 38-7. Avon Sect. (rt.), D 

8904. 38-9. Avon Sect. (rt.), D,. 

8905. 28-38. Avon Sect. (rt.), D, 

8906. 38-8. Avon Sect. (rt.), D 

8907. 28-39. Avon Sect. (rt.), D, 

8908. 28-37. Avon Sect. (rt.), D 

8909. 20-15. Clifton Down, near Suspen- 
sion Bridge. 

8910. 20-10. Avon Sect., Great Quarry. 


‘Escarpment’ (artificial cliff) In- 
ferior Oolite (Lower Freestone). 
‘ Devil’s Chimney,’ an artificial stack 
of Inferior Oolite. 
Inferior Oolite Series. 


M.A., Sc.D., The University, 


unless otherwise stated. 


The Ragstones. 


Disturbed Wenlock Limestone. 

Shows the level surface of Durdham 
Down and Leigh Woods. }4. 

Z-beds of Black Rock Quarry and 
K section (wooded) beyond. 4. 

Great Quarry from Leigh Woods. }. 

Great Quarry to Bridge Valley 
Road. 3. 

Seminula-pisolite. 

Seminula-pisolite. 

Shows several stages in the formation 
of pseudobreccia. 

Shows several stages in the formation 
of pseudobreccia. 

Wide band of pseudobreccia. 

Irregular pseudobrecciation. 

Regular band of pseudobreccia. 

Unbrecciated block in band the 
rest of which is pseudobrecciated. 

Pisolite S,. 


Spongiostroma limestone. 
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8911. 
8912. 


8913. 
8914. 
8915. 


8916. 
8917. 
8918. 


8919. 
8920. 


8921. 
8922. 


8923. 
8924. 


8925. 
8926. 
8927. 
8928. 
8929. 
8930. 
8931. 
8932. 
8933. 
8934. 
8935. 
8936. 
8937. 


8938, 


12-58. 
20-21. 


20-18. 
20-16. 
99 -30. 


06-155. 
06-156. 


18-73. 


18-77. 
01-63. 


01-61. 
01-56. 


19-25. 
36:1. 


36-2. 
36:3. 
36-4. 
34-86. 
37-4. 
36-5. 
34°7. 
36°7. 
34-88. 
38-4. 
32°45. 
18-84. 
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Avon Sect., Great Quarry. 

Avon Sect., riverside exposure 
of rt. bank. 

Clifton Down, near Suspen- 
sion Bridge. 

Clifton Down, near Suspen- 
sion Bridge. 

Clifton Down, near Suspen- 
sion Bridge. 


Shirehampton railway cut- 
ting. 

Shirehampton railway cut- 
ting. 

Avon Sect., block of ‘ Palate 
Bed,’ (K,). 


Avon Sect. (rt.), (Ky). 
Sodbury cutting. 


Sodbury cutting. 
Sodbury quarry. 


Sodbury quarry. 

Sedbury Quarry, N.E. por- 
tion. 

Sodbury Quarry, N. and W. 
sides. 

Sodbury Quarry, 
view from S. 

Sodbury Quarry, N.E. por- 
tion. 

Sodbury Quarry. 


general 


Sodbury Quarry. 
Sodbury Quarry. 
Sodbury Quarry. 
Sodbury Quarry. 


Sodbury Quarry. 
Sodbury Quarry. 


Mitcheldean, Wilderness 
Quarry. 
Mitcheldean, Hazel Hill 


Quarry. 
Garden Cliff, Westbury-on- 
Severn. 


Scully Grove, Mitcheldean. 


Block of Lithostrotion martini. S,. 
Crinoidal limestone. Z,. 


Seminula-band in S,. 
Pisolite S,. 


Infilling of Rhetic breccia left by 
quarrymen after removal of lime- 
stone. 

O.R.S. section, rocks on left undis- 
turbed. 

O.R.S. section, rocks on left undis- 
turbed. 

Several teeth of Psephodus minimus 
showing. 

Slab of Bryozoal limestone. 

Trias with sharply folded Lower Lias 
faulted against D-beds. }4. 

Trias unconformable on D-beds. }. 

Section of Upper S, and Lower D,. 


Concretionary Beds.’ S,. 4. 
Overthrust faults in Carb. Lst. 4. 


On W. side Trias conglom. rests 
on Carb. Lst. 4. 

On right Rhetic, on left 
conglom. on Carb. Lst. 4. 

Rhetic resting on overthrust Carb. 
Lst. 4. 

Rhetic resting on planed surface of 
Carb. Lst. 


Trias 


Carb. Lst. twice overthrust on 
Rheetic. 
Carb. Lst. twice overthrust on 
Rhetic. 


Trias conglom. resting on Carb. 
Lst. 4. 

Rheetic resting on planed surface of 
Carb. Lst. 

Rheztic on overthrust Carb. Lst. 

Griked surface of Carb. Lst. 

Old Red Sandstone section. 


Opened along strike of Lower Lst. 
Shale. 
Block of Rhztic bone-bed. 


Photographed by the late J. E. Livincstone, The University, Bristol. 4. 


Algal limestone, surface shown at 
right angles to bedding. 
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8939. — Scully Grove, Mitcheldean. Weathered surface of bedding-plane 
of algal limestone. 


Photographed by Sir T. Franxuin Srsty, LL.D., The University, 
Reading. 4-pl. enlargement. 


8940. — Scully Grove, Mitcheldean. | Whitehead Limestone section. 
Photographed by ?. 
8941. — Cementstone Quarry, Mit- Lower Lst. Shale section. 
cheldean. 


NorFo_k.—Photographed by A. T. Metcatre, Southwell, Notts. 
93 x 7 (approx.). 


8942. L. 63. Cromer, looking N. Rapid erosion of the cliffs. 

8943. G.13. Between W. Runton and Contorted glacial drift. 
Sheringham. 

8944. G.15. Between W. Runton and Contorted glacial drift. 
Sheringham. 

8945. G.17. Between W. Runton and Contorted glacial drift. 
Sheringham. 

8946. G.16. Between W. Runton and Contorted glacial drift. 
Sheringham. 

8947. G. 18. Cliff, E. end of Sheringham Contorted glacial drift. 
parade. 


Photographed by H. Asutrey, The Craigs, Ashtree Road, Costessey, 
Norwich. April 1838. P.C. 


8948. G. 30. Old Hunstanton. Junction of Red and White Chalk, 
with branching concretions on 
bedding plane. 

8949. G. 482. Horsey inundation. Course of the ‘ hundred streams.’ 

8950. G. 479. Horsey inundation. Looking inland from S. edge of gap 
which finally reached length of 
500 yards. 

8951. G. 480. Horsey inundation. Peat exposed on foreshore by cutting 
back of beach. 

8952. G. 481. Horsey inundation. View from behind temporary de- 


fences, looking seaward. 


SomERSET.—Photographed by F. J. ALLEN, M.D. (Cantab.), Shepton Mallet 
(formerly of Mason College, Birmingham). 1894. 


8953. ©—  Backwell Combe. Dry valley in Carboniferous Lime- 
stone. 6 x 8. 

8954. — Edge of Worle Hill over- Carb. Lst. hill rising from alluvial 

looking Kew Stoke. flat. 6 x 8. 

8955.  — Brean Down. Southern (scarp) face (Carb. Lst.). 

6 x 8. 
Photographed by W. J. Arxett, M.A., D.Sc., Hurstcote, Cumnor, 
Oxford. 
8956.  — Shepton Montague cutting, Fuller’s Earth Rock. 


near Bruton. 


ane 


8957. 
8958. 
8959. 
8960. 
8961. 
8962. 
8963. 
8964. 
8965. 


8966. 
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Photographed by S. H. Reynotps, M.A., Sc.D., The University, Bristol. 


04-31. 
05-61*. 
31-66. 
05-2. 
05-2*. 
22-43. 
18-83. 
34-80. 
34-82. 


34.84*. 


8966*. 35-1. 


8967. 
8968. 
8969. 
8970. 


3971. 
3972. 
8973. 
3974, 


8975. 
8976. 


8977. 


8978. 
8979. 


8980. 
8981. 
8982. 


8983. 


32-49. 

06-163. 
06-162. 
06-65*. 


G. 582. 
G. 583. 
G. 584. 
G. 576. 


4 and }. 
Winford Quarry. 


Wookey. 
Top of the Ebbor Gorge. 
Portishead. 


Portishead. 


Portishead ‘ new’ road, S.E. 
of Battery Point. 

Portishead, shore S. of Battery 
Point. 

Portishead, bore at Power 
station. 

Portishead, bore at Power 
station. 

Portishead, bore at Power 
station. 

Milton Road Quarry, Wells. 

Burrington Combe. 

Burrington Combe. 

Burrington Combe. 

Burrington Combe. 


Millstone Grit overlain by Trias, 
both highly ferruginous. 1904. }. 
Mouth of the ‘ hyzna den.’ 1905. }. 


Weathered surface of Dolomitic 
Conglom. 

Weathered surface of Dolomitic 
Conglom. 

Disturbed K-beds. 1922. 


Weathered slab of K, Bryozoa bed. 
1918. 
Contorted K, Lst. and shale. 1934. 


Current-bedded Bryozoa bed (K,). 
1934. 

Block of ‘ Conglomerate Bed,’ 2nd. 
series. 1934. 

Dol. Conglom. on Carb. Lst. 1935. 

Valley of W. twin stream. 1932. 

Escarpment of C,. 1906. 

Escarpment of C,. 1906. 

Block of ‘gastropod bed’ (K,). 1906. 


SuFFOLK.—Photographed by H. Asuiry, The Craigs, Ashtree Road, 


Costessey, Norwich. P.C. 


Ipswich, Bolton & Co., brick- 
yard. 

Ipswich, Bolton & Co., brick- 
yard. 

Ipswich, Bolton & Co., brick- 
yard. 

Westleton. 


Infiltration of iron along bedding 
planes of glacial sands. 
Contorted glacial sand and gravel. 


Fault with small throw in glacial 
gravel. 


Glacial pebble beds. 


WESTMORLAND.—Photographed by T. Hay, Glenridding, Penrith. 
1934-38. 4-pl. enlargement. 


10. 
11. 


13. 
14. 


16. 
17. 
18. 


19. 


Tarn Crag, Helvellyn. 

Between Dollywaggon and 
Nethermost Pike. 

Glenridding beck below 
Greenside mine. 

Striding Edge, Helvellyn. 

Caudale Head draining into 
Kirkstone beck. 

Glenridding beck. 

Head of Deepdale. 

Glenridding beck about 
1350 ft. O.D. 

Glenridding beck. 


Bedded tuff. 
Spherulitic tuff. 


Breccia. 


Combe formation with V-shaped cut 
through late terminal moraine. 

Vesicular rhyolite. 

Moraine mounds. 

Spread of flood boulders largely 
from burst of Keppel Cove dam. 

‘ Fluting’’ by pebbles carried down 
by stream. 
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8984. 


8985. 
8986. 


8987. 
8988. 
8989. 


8990. 
8991. 


8992. 
8993. 
8994. 
8995. 
8996. 
8997. 


8998. 
8999. 


9000. 
9001. 
9002. 
9003. 
9004. 
9005. 
9006. 
9007. 


9008. 
9009. 


9010. 


9011. 


9012. 


41. 
42. 
43. 


94-1. 


6995. 
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Glenridding beck. 


Glenridding beck. 

Hayes water (upper end of 
lake just visible). 

Near foot of Swarth Beck. 

Grisedale valley. 

Glenridding beck near Rattle- 
beck Cottage. 

Glenridding beck. 
Looking across Angle Tarn to 
S. half of Helvellyn range. 
Below Red Tarn, E. side of 
Helvellyn. 

On Patterdale Common about 
1,200 ft. O.D. 

Glenridding beck. 


Grisedale valley, S. side. 
Near Blowick, Patterdale. 
Near Blowick, Patterdale. 


Catstycam, S. slope. 

High Street about 2,500 ft. 
O.D. 

Tarn Crag. 

Nethermost Pike. 

St. Sunday top. 


Scrubby Crag, E. side of Fair- 
field top. 

Hart Crag, E. side of Fairfield 
top. 

Hart Crag, E. side of Fair- 
field top. 

Swirrel edge, Helvellyn. 


Helvellyn near top. 

Striding Edge, Helvellyn. 

Hart Crag, E. side of Fairfield 
Top. 


University, Bristol. 
Bradford-on-Avon. 


*Fluting’ along line of joint and 
pot-holing. 

Pot-holes. 

Lateral moraine and lines of descent 
of débris. 

Moraine. 

Eroded moraine. 

Boulder clay resting on deltaic 
deposit. 

Stratified sand in boulder clay. 

Ice-rounded hills and rock-masses. 


Part of terminal moraine. 


Roche moutonnée breaking up along 
cleavage lines. 

Rough plucked rock-surface below 
boulder clay. 

Slightly weathered roche moutonnée. 

Roche moutonneée. 

Roche moutonnée _ considerably 
weathered on downhill side. 

Shows lines of descent of débris. 

Descending stone streams. 


Solifluction weathering. 

Large slab weathering. 

Weathering along cleavage and soli- 
fluction acting on loose débris. 

Weathering along cleavage. 


Weathering mainly along cleavage, 
but partly along bedding planes. 
Weathering along cleavage and soli- 
fluction of scree. 

Shows lines of descent of eroded 
material. 

Solifluction terraces. 

Slab weathering. 

Block weathering in coarse tuff. 


WILTsHIRE.—Photographed by S. H. Reynoxps, M.A., Sc.D., The 
1894. 


4 pl. cut down. 


Bradford Clay with Forest Marble 
bands. 


Photographed by T. P. Bane, Marlborough. 4. 


Marlborough. 


‘ The Grey Wethers ’ (Sarsen Stones) 


YORKSHIRE.—Photographed by the late Goprrey Binc.ey, of Leeds. 4. 
Angram reservoir, Nidderdale. 


Millstone Grit series, shale and 


sandstone. 
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ind | Photographed by ?. 3. 


9013. — Trow Gill, W. Yorks. Gorge in Carb. Lst. 
sts 9014. —  Trow Gill, W. Yorks. Gorge in Carb. Lst. 
n 
Photographed by Professor L. S. Patmer, D.Sc., University College, 
Hull. 3 x 2. 
aic 9015. 2 N. edge, Hornsea Mere. Gravel terrace marking former limit 
of Mere. 
9016. 3 Dried up W. exit of Hornsea Terraces of boulder clay and glacial 
Mere. gravel. 
9017. 4. W. end of Hornsea Mere. Dense vegetation of the drying-up 
Mere. 
9018. 5 Skipsea. Peat bed below reassorted boulder 
ng clay. 
9019. 7 Cliffs between Bridlington Stratified interglacial sand and 
ow and Sewerby. gravel between Upper and Middle 
boulder clays. 
ee. 9020. 8. Near Cottingham, Holder- Chalk terrace of pre- and _ inter- 
ness. glacial coast line. 
aly 9021. 9.  Sewerby. Interglacial beach. 
9022. 11. Near Bridlington. Boulder clay on ezolian sands, on 
Sewerby interglacial beach. 
WALES. 
li- CAERNARVONSHIRE.—Photographed by J. E. WynrreLp Ruopes, Ph.D., 
F.I.C., Municipal Technical College, Blackburn. 4 x 3. 
9023. a. Porth Colman, Lleyn. Weathering-in of Tertiary dyke tra- 
versing Gwna beds. 
3, 9024. b. Porth Oer, Lleyn. Contortions in Abererch series. 
9025. Careg-y-defaid, Pwllheli. Nodular keratophyre. 
li- 9026. = d. Golf course, Porth Dinllaen, Spilite (pillow lava). 
Morfa Nevin. 
ed 9027. e. W. Coast of Bardsey Island. Gwna beds. 
9028. f. Porth Caered. General view of section, Arenig and 
Cambrian. 


DenBIGH.—Photographed by Professor P. G. H. Boswe F.R.S., 
Imperial College of Science, S. Kensington, S.W. 


9029. 28. Hafodunos Park, Llanger- Schuppen-like topography in dis- 


niew. turbed area. 4. 

Le 9030. A. Quarry on Friddog. Nantglyn Flags thrust over well- 
bedded flags. 4. 

9031. B. Quarry W.S.W. of Camaes, Nantglyn Flags overridden by dis- 
near Llangerniew. turbed beds. 

9032. C, Quarry on Foe! Gasyth. Crumbling due to faulting between 

) Nantglyn Flags (Ift.) and scanicus 

Mudstones (rt.). 4. 
9033. Y. Foel-caledeiriau Farm, Wenlli. Section shows alternation of dis- 
d turbed and _ undisturbed flags. 


84 x 6} enlargement. 


358 


Photographed by Dr. A. C. SkerL, Imperial College of Science, 
S. Kensington, S.W. 


9034. OD. T’yn-y-ffordd, near Llanger- Contact of disturbed beds and un- 
niew. disturbed Nantglyn Flags. }. 


Photographed by Dr. Epmonpson SPENCER, Imperial College of Science, 
S. Kensington, S.W. 


9035. Z. Rhan-hir, 4 m. S.S.W. of Disturbed Ludlovian, nilssoni-zone. 


Llangerniew. 84 x 64 enlargement. 

9036. 5.  Foel-caledeiriau Farm, Wenlli. Puckered and imbricated Ludlovian, 
nilssoni-zone. 8% X 64 enlarge- 
ment. 

9037. 6. Near Camaes, Llangerniew. __Listric surface of thrust Ludlovian 


flags. 84 x 64 enlargement. 


MontTGoMERY.—Photographed by R. Parker Smiru, Perse School, 
Cambridge. 


9038. —  Breidden Hills, S. side. Conglomerate. 


PEMBROKE.—Photographed by G. Macponatp Daviess, M.Sc., 63 Beech- 
wood Road, Sanderstead, Surrey. 1930. 4. 


9039. 30-19. Caerbwdy Bay, St. David’s. Coastal peneplain. 
9040. 30-27. Porth Llawog, Ramsey Is. Quartz porphyry and_ volcanic 
breccias of Carn Llundain. 


SCOTLAND. 


Banr¥r.—Photographed by S. H. Reynotps, M.A., Sc.D., The University, 
Bristol. 1934. 4-pl. enlargement. 


9041. 34-63. Cruden. Brick pit in boulder clay. 


Dumrries.—Photographed by J. E. WynrieLp Ruopes, Ph.D., F.I.C., 
Municipal Technical College, Blackburn. 1937. 3 x 2. 


9042. 1. Glenkill. Type section of Glenkiln Shale. 
9043. - Hartfell Score, Moffat. Type section of Hartfell Shale. 
9044. x Dobbs Linn, Moffat. Type section of Birkhill Shale. 

9045. 4. Dobbs Linn, Moffat. Type section of Birkhill Shale. 

9046. 5. Locharbriggs Quarry, Dum- Desert Sandstone, Permian. 

fries. 

9047. 6. Enterkinfoot, Dumfries. Escarpment of Permian lavas with 
‘ greywacke’ hills, chiefly Wen- 
lock, behind. 

9048. : Polneul Burn, Kirkconnel. Tait’s Marine Band. 

9049. 8. Polneul Burn, Kirkconnel. Coal Measures unconformable on 
Silurian ‘ greywacke.’ 

9050. 9 Polneul Burn, Kirkconnel. Coal Measures, unconformable on 
Silurian ‘ greywacke.’ 

9051. 10. Polneul Burn, Kirkconnel. Coal Measures unconformable on 


Silurian ‘ greywacke.’ 
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INVERNESS.—Photographed by B. ReEprorp, 
3-pl. enlargement, 1936. 


Newcastle-on-Tyne. 


19 Summerhill Street, 


Gabbro mountain. 
Gabbro mountain. 
Basalt mountain. 


Photographed by T. Hay, Glenridding, Penrith. 4-pl. enlargement. 


9052. 3 Skye, Sgurr-nan-Gillean. 
9053. Skye, Blaven. 

9054. 3. Skye, Quiraing. 

9055. 4. Glamaig. 

9056. §. Cuillins and Loch Coruisk. 
9057. 6. Macleod’s Tables. 

9058. J Ben Nevis. 

9059. 8. Upper falls, Glen Nevis. 
9060. 9. Glen Nevis. 


Granophyre mountain. 1936. 
Gabbro mountains. 1936. 
Flat-topped basalt hill. 1936. 


From the Caledonian Canal. 1937. 
Waterfall from hanging valley. 1937. 
Roches moutonnées. 1937. 


KINCARDINE.—Photographed by S. H. Reynotps, M.A., Sc.D., The 


University, Bristol. 


1912. 4. 


Honeycomb weathering of Down- 
tonian Sandstone. 
Stands on cliff of Old Red Conglom. 


SUTHERLAND.—Photographed by A. G. STENHOUsE, 191 Newhaven Road, 


9061. 12°45. Cowie. 
9062. 12:37. Dunnottar Castle. 
Edinburgh. 

9063. B.1. By Loch Assynt on S. slopes 
of Quinag. 

9064. E.3. On_ roadside just 
Knochan cliff. 

9065. E.5.  Knochan cliff. 

9066. A.5. Loch Assynt, N. side. 

9067. D.7. Stack of Glencoul. 

9068. D.5. Glencoul. 


‘Near 


1937. }. 


Unconformity, Cambrian quartzite 
on Torridonian. 


E. of Thrust-plane. 


Moine Thrust. 

Torridonian 
Lewisian. 

The Stack (Moine Schist) is thrust 
forward about 10 m. by the Moine 
Thrust. 

view of Glencoul Thrust 

bringing Lewisian over Cambrian. 


unconformable on 


Photographed by S. H. Reynotps, M.A., Sc.D., The University, Bristol. 


1936. }. 
9069. 


Altnaharra. 
9070. 36:76. Ben Loyal, Tongue. 


IRELAND. 


36:77. Strath Vagistie, 14 m. S. of Pencil-jointed Moines. 


Syenite with inclusions. 


ANTRIM.—Photographed by HALLAM AsHLEy, The Craigs, Ashtree Road, 
Costessey, Norwich. P.C. 


9071. G. 196. Craigs Moss, E. side of road 
Ballymena to Kilrea. 

9072. G. 438. Craigs, near Culleybackey. 

9073. G. 428. Craigs Moss, between Culley- 
backey and Rasharkin. 

9074. G. 453a. Kinmeen between Ballycastle 
and Carrick-a-Rede. 


1934. 


Stump of pine tree in peat. 


Hummocky drift. 1938. 


Peat cutting. 


Columnar and irregularly jointed 
basalt. 
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9075. G. 455. Ballysillon near Belfast. Basalt dyke cutting Chalk. 

9076. G. 439. Fair Head. Laccolitic intrusion of columnar 
dolerite. 

9077. G. 430. Tardree quarry. Columnar rhyolite. 

9078. G. 443. Tardree quarry. Columnar rhyolite. 

9079. G. 444. Ballyemon Glen. Spheroidal basalt. 

9080. G. 456. Ballycastle, Colliery Bay. Carboniferous section. 

9081. 171. Portrush. Indurated Lias shale. 

9082. 528. W. side of Long Mountain. Irregularly jointed basalt. 

9083. G. 523. Ballyemon Glen, N. side. Conglomeratic base of Chalk over- 


lain by normal Chalk. 
9084. 170. Craigs near Hillmount works. Section of glacial drift. 
9085. 434. Near Pollan bridge on Glen- Meanders of stream. 
dun river. 
9086. G. 524. Dunstown, near Gladrryford. Drumlins. 
9087. 432. Between Milltown and Drumlin country. 


Moneyglas. 
Photographed by S. H. Reynoxps, M.A., Sc.D., The University, Bristol. 
1935. }. 
9088. 35-43. Lough-a-veema. Sun-cracks and terraces in the 
drying-up lake. 
9089. 35-44. Lough-a-veema. Sun-cracks and terraces in the 


drying-up lake. 


CLARE.—Photographed by S. H. Reynoxps, M.A., Sc.D., The University, 
Bristol. 1938. 


9090. 38-26. The shore, Black Head. Griked Carb. Lst. with erratics. }. 

9091. 38-27. The shore, Black Head. Griked Carb. Lst. with erratics. }. 

9092. 38-28. The Burren. Distant view of bare Carb. Lst. hills. 
3. 

9093. 38-29. The Burren. Distant view of bare Carb. Lst. hills. 

9094. 38-25. Black Head. Bare Carb. Lst. country. }4pl. 
enlargement. 

9095. 38-18. Kilkee. Blowhole. }. 

9096. 38-17. Kilkee. Rippled Carboniferous flags. }. 

9097. 38-13*. Ross, Kilkee. Coast erosion, natural arch. }4. 

9098. 38-15. Ross, Kilkee. Coast erosion, natural arch. }. 

9099. 38-14. Ross, Kilkee. Coast erosion. }. 

9100. 38-16. Ross, Kilkee. Coast erosion. 4. 


Down.—Photographed by S. H. Reyno.ps, M.A., Sc.D., The University, 
Bristol. 1902. 4. 
9101. 02-185. Near Rostrevor. The Clogh Mor. 


TIPPERARY.—Photographed by S. H. Reynoips, M.A., Sc.D., The 
University, Bristol. 1938. 4. 


9102. 38-49. Rock of Cashel from N.E. Carboniferous Limestone. 
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SECTION E (GEOGRAPHY) 


A NATIONAL ATLAS 


REPORT of the COMMITTEE appointed to prepare a scheme for a projected 
National Atlas of Great Britain and Northern Ireland (Prof. E. G. R. Taytor, 
Chairman ; Dr. S. W. Woo.tprincg, Secretary ; Dr. E. B. Bartey, F.R.S., Dr. 
G. DaniEx, Dr. H. C. Darsy, Prof. F. DEBENHAm, Capt. C. Diver, Prof. H. J. 
F.R.S., Mr. D. L. Linton, Brig. M. N. MacLeop, Prof. E. J. Sauispury, 
F.R.S., Prof. A. G. TANsLEy, F.R.S.). 


At the Cambridge Meeting, Section E (Geography) took the initiative in asking 
for a joint Committee of the various sections interested to explore the possibility and 
desirability of producing a National Atlas of Great Britain and Northern Ireland, or 
alternatively of the British Isles. ‘The Committee has received the active co-opera- 
tion and assistance of Prof. K. Mason, Dr. L. D. Stamp, Mr. E. W. Gilbert, and 
Mr. C. F. W. R. Gullick. 

The proposed atlas aims at a strictly objective and scientific presentation of the 
natural conditions, natural resources and economic development of Britain (and the 
adjacent seas), of the history and pre-history of the country, and of the distribution, 
occupations, movement and social conditions of the population. It is believed that 
the publication of such an atlas would mark a great step forward in the dissemination 
of accurate knowledge of this country among the general public. It would also be 
of service to administrators, public men, educationists, and research workers in 
many fields, since it would present in convenient form the data upon which many 
conclusions, and decisions of national importance, must be based. 

The National Atlas would present for the first time on a uniform cartographic 
plan the results of the various surveys, returns and censuses made by Govern- 
ment departments ; those for example of the Ministry of Agriculture, the Ministry 
of Labour, the Air Ministry and the Registrar-General’s department. In addition, 
much further material exists, gathered by research workers in particular fields— 
by geologists, meteorologists, archeologists, historians, sociologists, biologists and 
geographers, to mention but a few. The proposed collation and presentation in 
cartographical form of these scattered data would be of the very greatest value. 

An enterprise of such scope and importance should be entitled to support from 
public funds, but its success from a scientific standpoint must depend on scientific 
workers and scientific bodies being willing to undertake responsibility for the accuracy 
of maps within particular fields. 

The scheme as here presented is not to be regarded as necessarily in final form. 
The details are evidently subject to revision. It has seemed worth while, neverthe- 
less, to put it forward, in the hope that it may receive constructive criticism. 

By its terms of reference the Committee was limited to the consideration of an 
atlas for Great Britain and Northern Ireland. From many points of view it was 
evidently desirable that such an atlas should treat of the British Isles as a whole, and 
of their constituent parts. The following arrangements of loose-leaf sheets might 
therefore prove possible. 


1. Atlas of England and Wales. 100 Double Plates. 


Contents : 40 Plates of British Isles. 
60 Plates of England and Wales. 


2. Atlas of Scotland. 70 Double Plates. 


Contents : 40 Plates of British Isles (as for England and Wales). 
30 Plates of Scotland. 


}. 
Ils. 
Ills. 
pl. 
j 


362 


3. Atlas of Ireland (Eire and N.E. Ireland). 60 Double Plates. 
Contents : 40 Plates of British Isles. 
20 Plates of Ireland. 
(Alternative to 2 and 3.) © 
4. Atlas of Scotland and N.E. Ireland. 70 Double Plates. 
Contents : 40 Plates of British Isles. 
30 Plates of Scotland and N.E. Ireland. 


5. Atlas of the British Isles. 140 Double Plates (2 vols.). 
Contents : 40 Plates of British Isles. 
60 Plates of England and Wales. 
30 Plates of Scotland. 
10 Plates of Ireland. 


6. Atlas of the British Isles. 130 Double Plates (2 vols.). 
Contents : 40 Plates of British Isles. 
60 Plates of England and Wales. 
30 Plates of Scotland and N.E. Ireland. 


The numbers of plates are, of course, provisional only. For an indication of the 
probable sizes of the maps, see Section B (Bio-Geography) below. 

The Committee has worked upon the basis of the following general scheme of 
sub-divisions for the proposed atlas. 


A. Physical Geography. 
i. Cartography. 
ii. Orography. 
iii. Geology. 
iv. Climatology. 
v. Hydrography. 
B. Bio-Geography. 
C. Industry and Commerce. 


D. Human Geography. 
i. Archeology and Pre-History. 
ii. Historical Geography. 
iii. Political Geography. 
iv. Strategic Geography. 
v. Vital Statistics. 
vi. Social Geography. 


Some of these sections have been worked out by sub-committees or individuals in 
fuller detail. Where such details are not at present available a general statement 
covering the section in question is made below. It should be noted that the details 
have more explicit reference to that part of the proposed atlas which would deal with 
England and Wales. This has been done for convenience only. The Committee 
hesitated to make detailed suggestions for Scotland and Ireland pending full dis- 
cussion with Scottish and Irish colleagues. Some of the data can and should be 
treated for the British Isles as a whole, but special Scottish and Irish sections would 
require separate study and consideration. 


A. PHysicAL GEOGRAPHY. 
Ai and Aw. Cartography and Orography. 
Maps to illustrate the work of the Ordnance Survey, the triangulation of the 
country, etc., and its relief features. 
Aut. Geology. 
Geological map (stratigraphical). 
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Geological map (lithological, with generalised drift boundaries). 
Map to show distribution of drift deposits (if and when available). 


A series of maps to show the paleo-geographic evolution of the country (including 
glaciation). 

Maps showing dominant structural features and vulcanicity. 

Morphological map (with insets of sample regions). 

Maps to show the distribution of coal- and iron-bearing rocks, metallogenetic 
provinces and certain aspects of water-supply. 


Aiv. Climatology. 

Maps to show the distribution and variation of temperature, pressure, rainfall, 
wind, sunshine, relative humidity, thunder, fog, etc. 

Maps to illustrate the leading weather types. 

Maps to illustrate phenological data. 


[Note.—The details of this section would be settled in consultation with the Royal 
Meteorological Society and the Air Ministry. ] 


Av. Hydrography. 

Maps to show submarine topography of British seas, bottom deposits, types of 
coastline, surface salinities and temperatures (with sections for features in depth), 
tidal phenomena and navigation data. 

Maps, sections and graphs to illustrate river régimes. 


B. Bro-GEOGRAPHY. 


The details of this section have been worked out in full and are given below as 
an example of the general style of treatment envisaged by the Committee. It is 
assumed that a single page of the atlas will have minimum dimensions of 21 x 14 in. 


Pl. I. British Isles adapted from Stremme’s soil map of Europe. 
Pl. II. 3 maps (1 in. to mile) of selected areas, one drift map of one of 
these areas for comparison (10 x 7 in.). 
Pl. III. 4maps (10 x 7 in.) of larger districts showing distribution of drift. 
Vegetation. 

Pl. IV. British Isles (28 x 21 in.) showing distribution of certain localised 
Pl. V. types of vegetation. 

Pl. VI. Part of the Peak district (1 in. to mile) showing zonation of vegeta- 


tion and line contours. 
Pl. VII. 4 maps (10 x 7 in.) of selected districts (1 in. to mile). 


Distribution of species. 
Pl. VIII. British Isles, 16 maps (5 x 3} in.), showing distribution of indi- 
vidual plant species. 


Pl. IX. British Isles, 16 maps (5 x 3} in.), showing distribution of indi- 
vidual land animal species. 

Pl. X.| Western Europe, 8 maps (10 x 7 in.), showing total range of 

Pl. XI.) certain British plants and animals. 

Pl. XII. British Isles, several maps, showing spread of species in historical 
or recent times. 

Pl. XIII. Western Europe, several maps, showing seasonal migration routes, 


seasonal migration on broad fronts or seasonal occupation 
areas of certain birds. 
Pl. XIV.) Great Britain, several maps, showing densities of various ‘ game 
Pi. XV.) crops.’ 
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Pi. XVI. British Isles, several maps, showing distribution of freshwater 
animals and plants. 

Pl. XVII.) Western Europe from Spitsbergen to Portugal, showing distribu- 

Pl. XVIII.) tion of trawl fisheries. 

Pl. XIX. British Isles, showing distribution of drift-net fisheries (mainly 
herring). 


Pre-History. 
Pi. XX. British Isles. Probably 4 maps, showing distribution of tree pollen 
of different species in different post glacial epochs. 


Land Utilisation. 
7 — England and Wales (28 x 21 in.). 


Scotland (28 x 21 in.). 

Pl. XXV. Ireland (21 x 14 in.). 

Pl. XXVI. 4 maps (10 x 7 in.) of selected areas (1 in. to mile). 
Pl. XXVII. Great Britain, ‘ Fertility’ (21 x 14 in.). 


Forestry. 
Pl. XXVIII.) Great Britain, map of Forestry Commission estates with any 
Pl. XXIX.) practicable details. 


Agriculture. 
Pl. XXX. England and Wales. Map showing types of farming. 
a XXXIL| Several ‘ dot maps’ of British Isles, Great Britain, or England and 
PL XXXL | pew showing distribution of different farm crops and farm 
C. Inpustry AND COMMERCE. 
Cit Coal and Iron. Coalfields, exposed and concealed. 


Individual coalfields, size graded according to employment. 
Output and export trade. 
Iron-ore production. 
Blast furnaces, coke ovens, steel works, etc. 
Cit Non-Ferrous Mines and centres of production distinguished according to 
Minerals. employment/output. 
Smelters, etc. 
Brickworks, Cement works, etc., distinguished according to 
employment/output. 
Citi Electricity, Petro- Generating stations (? installed h.p.) and grid. 
leum and Coal Importing ports, refineries, storage, 1.t. and h.t. carbonisa- 
Gas. tion plants, etc. 
Centres of production and output. 
Civ Roads, Water- Trunk, A and B (?) roads. 
ways, Airways Bus services according to density. 
and Railways. Canals and navigable rivers, indicating depth and gauge. 
(?) Traffic density. 
Routes and density. 
Operating companies, electric railways, number of tracks 
(2+, 2, 1). 
Areas 4 miles distant from railways. 
Distinction of passenger and goods lines. 
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Co Ports. Tonnage of shipping and merchandise at individual ports. 
Indication of size of shipping which can be berthed, and 
special facilities available (e.g. coal staithes, cold storage, 
fish docks, train ferry, etc.). 

Accessibility by rail. 

Cai Accessibility by rail from principal centres according to distance and time. 

E.g. London, Birmingham, Liverpool, Manchester, Leeds, 
Newcastle, Swansea, Bristol, Plymouth, Norwich. 

Cvii Finance. Distribution of banks, stock exchanges, commodity ex- 
changes, foreign trade, etc. 

Cuiii Individual Industries according to employment/output. 

E.g. textiles, engineering, fisheries, food and drink, trading 
estates. 

The number of industries to be mapped to depend on space 
available. 


D. Human GEOGRAPHY. 


Di. Archeology and Pre-History. 


England and Wales in Paleolithic times : (A) the Lower and Middle Palzolithic 
cultures ; (B) the Upper Paleolithic cultures. ‘Two maps on one plate : restricted 
to England and Wales because no Paleolithic material is known from Ireland and 
Scotland. The extent of the last Glaciation to be marked on map B, and four inset 
maps at the bottom with the phases of Pleistocene glaciation in southern Britain. 

The British Isles : Mesolithic cultures. Map of finds dating between 8,000 and 
2,500 B.c. based on J. G. D. Clark’s maps. Inset maps of Goodwin’s polenanalytical 
data for Boreal and for Atlantic. 

The British Isles: Distribution map of Megalithic cultures. Small insets of 
(a) Windmill Hill culture, and (b) Peterborough pottery. 

The British Isles : The Beaker cultures. With insets of Early Bronze Age trade, 
and of the Wessex Early Bronze Age culture, and The British Isles: Map of Massed 
Bronze Age finds based on Miss L. F. Chitty’s map in the Personality of Britain. 

Maps of Great Britain to illustrate Late Bronze Age and Early Iron Age A cultures. 

Maps of Great Britain to illustrate Early Iron Age B and C cultures, also towns 
and Celtic tribes in the immediately pre-Conquest period. 


Dist. Historical Geography. 
1-2. Roman Britain. 
Note : The existing Ordnance Survey map. 


3. England and Wales : The Dark Ages. 
Note : A smaller version of the existing Ordnance Survey map. 


4. England and Wales Political : (a) Circa a.p. 700 
(b) Circa a.v. 900 


Note: Possibly other dates might be chosen, but these seem representa- 
tive. 


5-6. Place-name Elements. 

Note: Until the work of the Place-Name Society is completed, this 
raises many problems especially in the case of Anglo-Saxon 
elements. Scandinavian elements might more easily lend them- 
selves to plotting. 
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7-10. Agriculture. 
7a. Domesday Arable (Plough teams). 
7b. Domesday Woodland. 
8. Field Systems : Outline map ; Fourteenth Century. Low-price 
Wheat Areas ; and sample types of Field Systems in diagram- 
matic form. 
9a. Enclosures in Sixteenth Century. 
9b. Land enclosed at end of Sixteenth Century. 
10a. Land enclosed at end of Seventeenth Century. 
10. Enclosures by Act of Parliament. 


11-17. Population. 
lla. Domesday Manors. 
115. Domesday Population Averages. 
12a. Fourteenth Century Population. 
126. Sixteenth Century Population. 
13a. Seventeenth Century Population. 
136. Population in 1701. 


14a. 1801. 
14d. 1821. 
15a. 1851. 
150. S071. 


16. The Growth of London. 
17. Representative Population Graphs for the Nineteenth Century. 


Note : (a) Possibly it might be better to include a series of smaller maps 
to show population for every Census between 1801-1931. 
(b) The Representative Graphs would illustrate conditions in 
selected rural and urban areas. 


18-20. Ecclesiastical. 
18a. Dioceses : 780. 


185. Edward I. 
19a. ,, 1539. 
19d. 188. 


20. Nonconformist Distributions in the Nineteenth Century. 


Note : Possible additions under this section : 
(1) A map of Irish and Roman Christianity in the British 
Isles (this might be an inset). 
(2) A map of Monasteries. 


21. Wales. 
(i) Political Circa 1200. 
(ili) 1536. 
(iv) Social and Economic (Manors, Boroughs, Welsh Districts). 


Note: (a) Separate treatment is suggested for Wales to illustrate the 
Anglo-Welsh boundaries, etc. 
(6) A desirable addition to this section would be a series of maps 
illustrating conditions 800 to 1066. 


22-26. Industrial and Commercial. 
22a. Thirteenth and Fourteenth Centuries. 
226. Eighteenth Century. 
23. Nineteenth Century. 
24a. Canals (e.g., see Phillips Waterways 1795). 
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24b. Turnpike Roads. 
25. Series of maps (say 4) showing Railway Development. 
26. Foreign Trade maps (Medieval and later). 


Note: (a) The maps on sheet 22 would in each case show Minerals and 
Textiles, either separately or together. 
(6) Sheet 23 should include the 1851 Census mapof Occupations. 
(c) Sheet 246 might include an inset map of the Fourteenth 
Century Roads, 


27. Parliamentary Representation. 
25a. Down to 1832. 
25b. After the Act of 1832. 
Diii. Political Geography. 
Administrative. 

1. The administrative counties and seats of county councils. 

2. The rural districts and urban districts. 

3. The county boroughs and municipal boroughs. 


Justice. 
4. The Assize circuit and Assize towns. 
5. The county circuits. 
6. Dot map of prisons. 


Religion. 
7. The Church of England dioceses with cathedral towns. 
8. The Roman Catholic dioceses with cathedral towns. 
9. Certain Nonconformist areas. 


Political. 
10. Parliamentary electoral divisions with a series of maps showing distribution 
of parties at certain general elections : (?) (1) 1910, (2) 1918, (3) 1923, 
(4) 1931. 
11. (?) A map of political parties in the county boroughs. 


Div. Strategic Geography. 
1. Army Commands and garrison towns. 
2. Naval depots and dockyards. 
3. R.A.F. Commands and stations, and Civil Air Guard stations. 
4. Civil Defence regions, 1939. 


Dv. Vital Statistics. 
Maps to show population density, sizes of towns, occupied persons (by classes), 
and unemployment. 


Dut. Social Geography. 
Health and Recreation. 
1. Hospital regions with number of hospitals, mental hospitals by different 
symbols. 
2. Inland spas and seaside watering places. 
3. National fitness areas. 
4. Youth hostels. 


Amenities. 

Town Planning regions. 

National Trust properties. 

Schedule of Ancient Monuments. 

. Office of Works properties. 

Proposed National Parks, (?) combined with existing Green Belts, bird 
sanctuaries and Crown lands (New Forest, etc.). 
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Labour. 
1. Administrative divisions of Employment Exchange Service and Employ- 
ment Exchange areas with administrative centres. 
2. Trade Unions, regional divisions. 
3. The special areas. 


Communications and Transport. 
1. Telephone areas with headquarters. 
2. Post Office regions. 
3. B.B.C. stations. 
4. Ministry of Transport traffic areas. 
5. A.A. regions and R.A.C. regions. 


Education. 
1. Board of Education, Inspectorate areas. 
2. Dot map of Schools on Headmasters’ conference. 
3. 4, 5, Of other Secondary Schools. 
4. .,,  ,, of Training Colleges. 
5. 5, 5, Of Universities and University Colleges with dates of foundation. 
6. Towns with daily and evening newspapers. 


Agriculture. 
1. Milk Marketing regions. 
2. Advisory provinces of Ministry of Agriculture. 
3. Agricultural divisions of Ministry of Agriculture. 


The Committee ventures to hope that the Sections and Council of the British 
Association will make recommendations which will secure the further progress of 
the plan ; more especially with a view to determining by what means the project 
may be put into execution. Although the details as here submitted are frankly 
tentative, the Committee has received ample evidence of wide and hearty support for 
the plan in general and is of opinion that further immediate action is called for. 


RESEARCH COMMITTEES, Etc. 
1939-40 


Grants of money, if any, from the Association for expenses connected with researches are 
indicated in heavy type. 


SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCES. 


Seismological investigations.—Prof. H. H. Plaskett, F.R.S. (Chairman), Mr. J. J. Shaw, 
C.B.E. (Secretary), Miss E. F. Bellamy, Prof. P. G. H. Boswell, O.B.E., I.R.S., 
Dr. E. C. Bullard, Dr. A. T. J. Dollar, Dr. A. E. M. Geddes, O.B.E., Prof. G. R. 
Goldsbrough, F.R.S., Dr. Wilfred Hall, Mr. J. S. Hughes, Dr. H. Jeffreys, 
F.R.S., Mr. Cosmo Johns, Dr. A. W. Lee, Prof. E. A. Milne, M.B.E., F.R.S., 
Prof. H. C. Plummer, F.R.S., Prof. J. Proudman, F.R.S., Dr. A. O. Rankine, 
O.B.E., F.R.S., Rev. C. Rey, S. J., Rev. J. P. Rowland, S.J., Prof. R. A. Sampson, 
F.R.S., Mr. F. J. Scrase, Capt. H. Shaw, Sir Frank Smith, G.B.E., K.C.B., 
Sec. R.S., Dr. Stagg, Dr. R. Stoneley, F.R.S., Mr. E. Tillotson, Sir G. T. 
Walker, C.S.I., F.R.S., Dr. F. J. W. Whipple. £100 (Caird Fund). 


Calculation of mathematical tables.—Prof. E. H. Neville (Chairman), Dr. A. J. 
Thompson (Vice-Chairman), Dr. J. Wishart (Secretary), Dr. W. G. Bickley, Prof. 
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R. A. Fisher, F.R.S., Dr. J. Henderson, Dr. E. L. Ince, Dr. J. O. Irwin, Dr. 
J. C. P. Miller, Prof. L. M. Milne-Thomson, Mr. F. Robbins, Mr. D. H. Sadler, 
Mr. F. Sandon, Mr. W. L. Stevens, Dr. J. F. Tocher, Mr. M. V. Wilkes. 
£100 (Caird Fund). 


SECTIONS A, C.—MATHEMATICAL AND PHYSICAL SCIENCES, 
GEOLOGY. 


The direct determination of the thermal conductivities of rocks in mines or borings 


To 


To 


To 


where the temperature gradient has been, or is likely to be, measured—Dr. 
Ezer Griffiths, F.R.S. (Chairman), Dr. D. W. Phillips (Secretary), Dr. E. C. 
Bullard, Dr. H. Jeffreys, F.R.S. (from Section A) ; Dr. E. M. Anderson, Prof. 
W. G. Fearnsides, F.R.S., Prof. G. Hickling, F.R.S., Prof. A. Holmes, Dr. 
J. H. J. Poole (from Section C). 


SECTION C.—GEOLOGY. 


investigate the relation of the Silurian to the Archean in the Herefordshire 
Beacon, Malvern Hills.—Prof. W. G. Fearnsides, F.R.S. (Chairman), Dr. A. 
Bramwell (Secretary), Prof. H. L. Hawkins, F.R.S., Prof. V. C. Illing, Dr. R. W. 
Pocock, Prof. H. H. Read, F.R.S. £25 (Bernard Hobson Fund). 


excavate critical geological sections in Great Britain.—Prof. W. T. Gordon 
(Chairman), Prof. W. G. Fearnsides, F.R.S. (Secretary), Prof. E. B. Bailey, F.R.S., 
Mr. H. C. Berdinner, Mr. W. S. Bisat, Prof. P. G. H. Boswell, O.B.E., F.R.S., 
Prof. W. S. Boulton, Prof. A. H. Cox, Miss M. C. Crosfield, Mr. E. E. L. Dixon, 
Dr. Gertrude Elles, M.B.E., Mr. C. I. Gardiner, Prof. E. J. Garwood, F.R.S., 
Mr. F. Gossling, Prof. H. L. Hawkins, F.R.S., Prof. G. Hickling, F.R.S., Dr. 
R. G. S. Hudson, Prof. V. C. Illing, Prof. O. T. Jones, F.R.S., Dr. Murray 
Macgregor, Dr. F. J. North, Dr. J. Pringle, Prof. S. H. Reynolds, Sir Franklin 
Sibly, Dr. W. K. Spencer, F.R.S., Dr. W. E. Swinton, Prof. A. E. Trueman, 
Dr. F. S. Wallis, Prof. W. W. Watts, F.R.S., Dr. W. F. Whittard, Sir A. Smith 
Woodward, F.R.S., Dr. S. W. Wooldridge. £20 (Bernard Hobson Fund). 


consider and report upon petrographic classification and nomenclature.— 
Lt.-Col. W. Campbell Smith (Chairman and Secretary), Prof. E. B. Bailey, F.R.S., 
Dr. R. Campbell, Dr. W. Q. Kennedy, Dr. A. G. MacGregor, Prof. S. J. Shand, 
Mr. S. J. Tomkeieff, Dr. G. W. Tyrrell, Dr. F. Walker, Dr. A. K. Wells. 


To consider and report on questions affecting the teaching of geology in schools.— 


Prof. W. W. Watts, F.R.S. (Chairman), Prof. A. E. Trueman (Secretary), Prof. 
P. G. H. Boswell, O.B.E., F.R.S., Mr. C. P. Chatwin, Prof. A. H. Cox, Mr. J. 
Davies, Miss E. Dix, Miss Gaynor Evans, Prof. W. G. Fearnsides, F.R.S., 
Prof. G. Hickling, F.R.S., Prof. D. E. Innes, Prof. A. G. Ogilvie, O.B.E., Prof. 
W. J. Pugh, Mr. J. A. Steers, Prof. H. H. Swinnerton, Dr. A. K. Wells. 


The collection, preservation, and systematic registration of photographs of geo- 


logical interest.—Prof. E. J. Garwood, F.R.S. (Chairman), Prof. S. H. Reynolds 

(Secretary), Mr. H. Ashley, Mr. G. Macdonald Davies, Mr. J. F. Jackson, Dr. 

“ G. MacGregor, Dr. F. J. North, Dr. A. Raistrick, Mr. J. Ranson, Prof. W. W. 
atts, F.R.S. 


SECTION D.—ZOOLOGY. 


To nominate competent naturalists to perform definite pieces of work at the Marine 


Laboratory, Plymouth.—Dr. W. T. Calman, C.B., F.R.S. (Chairman and Secretary), 
Prof. H. Munro Fox, F.R.S., Dr. J. S. Huxley, F.R.S., Prof. H. G. Jackson, 
Prof. W. M. Tattersall, Prof. C. M. Yonge. £50. 
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To co-operate with other sections interested, and with the Zoological Society for 
the purpose of obtaining support for the Zoological Record—Sir Sidney Harmer, 
K.B.E., F.R.S. (Chairman), Mr. J. R. Norman (Secretary), Prof. E. S. Goodrich, 
F.R.S., Dr. O. W. Richards. £50. 


To investigate the density of living organisms.—Dr. S. W. Kemp, F.R.S. (Chair- 
man), Mr. A. G. Lowndes (Secretary), Prof. R. A. Fisher, F.R.S., Dr. C. F. A. 
Pantin, Dr. F. S. Russell. £80. 


To investigate sex in salmon.—Prof. F. A. E. Crew (Chairman), Prof. J. H. Orton, 
Prof. J. Ritchie. £25. 


To study the progressive adaptation to new conditions in Artemia salina (Diploid 
and Octoploid, Parthenogenetic v. Bisexual).—Prof. R. A. Fisher, F.R.S. (Chair- 
man), Mr. A. C. Fabergé (Secretary), Dr. F. Gross, Mr. A. G. Lowndes, Dr. K. 
Mather, Dr. E. S. Russell, O.B.E., Prof. D. M.S. Watson, F.R.S. £20. 


To study insular faunas.—Prof. Sir E. B. Poulton, F.R.S. (Chairman), Prof. G. D. 
Hale Carpenter (Secretary), Prof. H. G. Jackson, Capt. N. D. Riley. £10. 


To consider the position of animal biology in the school curriculum and matters 
relating thereto.—Prof. R. D. Laurie (Chairman and Secretary), Mr. P. Ainslie, 
Dr. H. W. Cousins, Dr. J. S. Huxley, F.R.S., Mr. Percy Lee, Mr. A. G. Lowndes, 
Prof. E. W. MacBride, F.R.S., Dr. W. R. Spencer, F.R.S., Prof. W. M. Tattersall, 
Dr. E. N. Miles Thomas. 


SECTIONS D, E, K..—ZOOLOGY, GEOGRAPHY, BOTANY. 


To assist in the preservation of Wicken Fen.—Prof. F. T. Brooks, F.R.S. (Chatrman), 
Dr. H. Godwin (Secretary), Prof. F. Balfour-Browne, Dr. H. C. Darby, Prof. J. 
Stanley Gardiner, F.R.S., Mr. J. A. Steers, Dr. W. H. Thorpe, Dr. D. Valentine. 


SECTIONS D, I, K.—ZOOLOGY, PHYSIOLOGY, BOTANY. 


To aid competent investigators selected by the Committee to carry on definite 
pieces of work at the Zoological Station at Naples.—Prof. E. W. MacBride, 


F.R.S. (Chairman and Secretary), Prof. Sir J. Barcroft, C.B.E., F.R.S., Dr. Margery 
Knight, Dr. J. Z. Young. 


SECTIONS D, J.—ZGOLOGY, PSYCHOLOGY. 


To conduct field experiments on bird behaviour.—Dr. J. S. Huxley, F.R.S. (Chairman), 
Mr. F. B. Kirkman (Secretary), Prof. F. Aveling, Dr. C. S. Myers, C.B.E., F.R.S., 
Dr. E. S. Russell. £40. 


SECTIONS D, K.—ZOOLOGY, BOTANY. 


To aid competent investigators selected by the Committee to carry out definite 
pieces of work at the Freshwater Biological Station, Wray Castle, Winder- 
mere.—Prof. F. E. Fritsch, F.R.S. (Chairman), Dr. E. B. Worthington (Secretary), 
Prof. P. A. Buxton, Miss P. M. Jenkin, Dr. C. H. O’Donoghue (from Section D) ; 
Dr. W. H. Pearsall (from Section K). £75. 


Co-ordinating committee for Cytology and Genetics.—Prof. F. T. Brooks, F.R.S. 
(Chairman), Dr. D. G. Catcheside (Secretary), Mr. E. B. Ford, Prof. F. A. E. Crew, 
Dr. C. D. Darlington, Prof. R. A. Fisher, F.R.S., Prof. R. R. Gates, F.R.S., 
Dr. C. Gordon, Prof. Dame Helen Gwynne Vaughan, G.B.E., Dr. J. Hammond, 
Dr. J. S. Huxley, F.R.S., Dr. T. J. Jenkin, Mr. W. J. C. Lawrence, Dr. F. W. 
Sansome, Dr. W. B. Turrill, Dr. C. H. Waddington, Dr. D. M. Wrinch. 
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SECTION E.—GEOGRAPHY. 


To prepare a scheme for a projected National Atlas of Great Britain and Northern 
Ireland.—Prof. E. G. R. Taylor (Chairman), Dr. S. W. Wooldridge (Secretary), 
Dr. H. C. Darby, Prof. F. Debenham, Mr. C. Diver, Prof. H. J. Fleure, F.R.S., 
Mr. D. L. Linton, Brig. M. N. MacLeod, Prof. E. J. Salisbury, F.R.S., Prof. 
A. G. Tansley, F.R.S. 

To collect and record information on demography and seasonal activities in relation 
to environment in Inter-Tropical Africa—Prof. P. M. Roxby (Chairman), Prof. 
A. G. Ogilvie, O.B.E. (Secretary), Mr. S. J. K. Baker, Prof. C. B. Fawcett, Prof. 
H. J. Fleure, F.R.S., Prof. C. Daryll Forde, Mr. R. H. Kinvig, Mr. J. McFarlane, 
Prof. J. L. Myres, O.B.E., Mr. R. A. Pelham, Mr. R. U. Sayce. 

To consider and report upon ambiguities and innovations in geographical 
terminology.—Prof. E. G. R. Taylor (Chairman), Dr. S. W. Wooldridge (Secre- 
tary), Mr. H. King, Mr. R. H. Kinvig. 

To co-operate with bodies concerned with the cartographic representation of popu- 
lation, and in particular with the Ordnance Survey, for the production of 
population maps.— (Chairman), Prof. C. B. 
Fawcett (Secretary), The Director General of the Ordnance Survey, Col. Sir 
Charles Close, K.B.E., C.B., C.M.G., F.R.S., Prof. H. J. Fleure, F.R.S., Mr. 
A. C. O’Dell, Mr. A. Stevens, Mr. A. V. Williamson. 


SECTION G.—ENGINEERING. 


To review the knowledge at present available for the reduction of noise, and the 
nuisances to the abatement of which this knowledge could best be applied.— 
(Chairman), Wing-Commander T. R. Cave- 
Browne-Cave, C.B.E. (Secretary), Dr. A. H. Davis, Prof. G. W. O. Howe, Mr. 
E. S. Shrapnell-Smith, C.B.E. 
Electrical terms and definitions.—Prof. Sir J. B. Henderson (Chairman), Prof. F. G. 
Baily and Prof. G. W. O. Howe (Secretaries), Prof. W. H. Eccles, F.R.S., Prof. 
C. L. Fortescue, Prof. E. W. Marchant, Prof. J. Proudman, F.R.S., Sir Frank 
Smith, G.B.E., K.C.B., Sec. R.S., Prof. L. R. Wilberforce. 


SECTION H.—ANTHROPOLOGY. 


To co-operate with the Torquay Antiquarian Society in investigating Kent’s Cavern. 
—Sir A. Keith, F.R.S. (Chairman), Prof. J. L. Myres, O.B.E. (Secretary), 
Mr. M. C. Burkitt, Miss D. A. E. Garrod, Mr. A. D. Lacaille. £25. 

To co-operate with a Committee of the Royal Anthropological Institute in the 
exploration of caves in the Derbyshire district—Mr. M. C. Burkitt (Chairman), 
Mr. A. Leslie Armstrong (Secretary), Prof. H. J. Fleure, F.R.S., Miss D. A. E. 
Garrod, Dr. J. Wilfred Jackson, Prof. L. S. Palmer, Mr. H. J. E. Peake. £12 10s. 
(and £12 10s. Contingent). 

To report on the composition of ancient metal objects.—Mr. H. J. E. Peake (Chair- 
man), Dr. C. H. Desch, F.R.S. (Secretary), Mr. H. Balfour, F.R.S., Prof. V. G. 
Childe, Mr. O. Davies, Prof. H. J. Fleure, F.R.S., Mr. C. Hawkes, Miss W. 
Lamb, Mr. M. E. L. Mallowan, Mr. H. Maryon, Dr. A. Raistrick, Dr. R. H. 
Rastall. £5 16s. 6d. 

To investigate early mining sites in Wales.—Mr. H. J. E. Peake (Chairman), Mr. 
Oliver Davies (Secretary), Dr. C. H. Desch, F.R.S., Mr. E, Estyn Evans, Prof. 
H. J. Fleure, F.R.S., Prof. C. Daryll Forde, Sir Cyril Fox, Dr. Willoughby 
Gardner, Dr. F. J. North, Mr. V. E. Nash Williams. 

To investigate blood groups among primitive peoples.—Prof. H. J. Fleure, F.R.S. 
(Chairman), Prof. R. Ruggles Gates, F.R.S. (Secretary), Dr. F. W. Lamb, Dr. G. M. 
Morant. 
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To co-operate with a committee of the Royal Anthropological Institute in assisting 
Miss G. Caton-Thompson to investigate the prehistoric archeology of the 
Kharga Oasis.—Prof. J. L. Myres, O.B.E. (Chairman), Miss G. Caton-Thompson 
(Secretary), Dr. H. S. Harrison, Mr. H. J. E. Peake. 


To carry out research among the Ainu of Japan.—Prof. C. G. Seligman, F.R.S. 
(Chairman), Mrs. C. G. Seligman (Secretary), Dr. H. S. Harrison, Capt. T. A. 
Joyce, O.B.E., Rt. Hon. Lord Raglan. 


To conduct archeological and ethnological researches in Crete.—Prof. J. L. Myres, 
O.B.E. (Chairman), Dr. G. M. Morant (Secretary), Dr. W. L. H. Duckworth. 


To report to the Sectional Committee on the question of re-editing ‘ Notes and 
Queries in Anthropology.’—Prof. H. J. Fleure, F.R.S. (Chairman), Mr. Elwyn 
Davies (Secretary), Prof. J. H. Hutton, C.I.E., Dr. G. M. Morant, Prof. A. R. 
Radcliffe-Brown, Prof. C. G. Seligman, F.R.S., Mrs. C. G. Seligman. 


SECTION I.—PHYSIOLOGY. 


To deal with the use of a stereotactic instrument.— (Chairman), 
Prof. R. J. S. McDowall (Secretary). 


SECTION J.—PSYCHOLOGY. 


The nature of perseveration and its testing.—Prof. F. Aveling (Chairman), Dr. W. 
Stephenson (Secretary), Prof. F. C. Bartlett, F.R.S., Dr. Mary Collins, Prof. J. 
Drever, Mr. E. Farmer, Prof. C. Spearman, F.R.S., Dr. P. E. Vernon. £5. 


SECTION K.—BOTANY. 


To formulate and report upon a scheme to found a national collection of type 
cultures of Algae and Protozoa.—Prof. F. E. Fritsch, F.R.S. (Chairman), Dr. 
Muriel Robertson (Secretary), Prof. D. Keilin, F.R.S., Dr. Doris Mackinnon, 
Dr. W. H. Pearsall. £25. 


Transplant experiments.—Sir Arthur Hill, K.C.M.G., F.R.S. (Chairman), Dr. 
W. B. Turrill (Secretary), Prof. F. W. Oliver, F.R.S., Prof. E. J. Salisbury, F.R.S., 
Prof. A. G. Tansley, F.R.S. £5. 


SECTION L.—EDUCATION. 


To consider and report on the gaps in the informative content of education, with 
special reference to the curriculums of schools.—Sir Richard Gregory, Bart., 
F.R.S. (Chairman), Mr. A. E. Henshall (Secretary), Prof. C. M. Attlee, Mr. G. D. 
Dunkerley, Miss L. Higson, Mr. D. Shillan, Dr. F. H. Spencer, Mr. H. G. 
Wells. 

To consider and report on the facilities for the education of those who enter or 
are engaged in industry, with special reference to the needs of (1) manual, and 
(2) non-manual workers.—Dr. A. P. M. Fleming, C.B.E. (Chairman), Mr. A. 
Gray Jones (Secretary), Miss L. Grier, Mr. Lester Smith. 


CORRESPONDING SOCIETIES. 


Corresponding Societies Committee.—The President of the Association (Chairman 
ex-officio), Dr. C. Tierney (Secretary), the General Secretaries, the General 
Treasurer, Mr. H. Bailey, Dr. Vaughan Cornish, Prof. W. T. Gordon, Prof. 
H. L. Hawkins, F.R.S., Mr. N. B. Kinnear, Dr. G. F. Herbert Smith. 
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